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ABSTRACT 
WESTERN PRAIRIE STREAM FISHERIES: AN ASSESSMENT OF PAST AND PRESENT 
FISH ASSEMBLAGE STRUCTURE, BIOTIC HOMOGENIZATION, AND POPULATION 
DYNAMICS IN WESTERN SOUTH DAKOTA STREAMS 
STEPHEN JOHN-MARK JONES 
2018 
 Biodiversity is declining globally, especially in in aquatic systems. Prairies are one of the 
most endangered ecosystem types in North America, and their conversion into agriculture or 
development as a result of urbanization has had  negative effects on prairie stream fish 
communities. Continued monitoring of fish assemblage change and the population dynamics of 
prairie stream fishes will provide researchers and managers with valuable information needed to 
detect and mitigate past and future negative impacts on prairie stream aquatic ecosystems.  
Sampling was conducted in the mainstem and tributaries of the Grand, Moreau, 
Cheyenne, Bad, and White rivers within western South Dakota. We assessed the current fish 
assemblage within each river basin, quantified fish assemblage change through comparison with 
historical records, assessed biotic homogenization across the region, and assessed the population 
dynamics of five common western South Dakota prairie stream fishes. In several river basins, we 
found that there been little change to the common species present, although, some less common 
species have been lost (n=5) and there has been 15 species additions as a result of range 
expansions. Our results suggest that biotic homogenization has occurred and it is likely that 
western South Dakota streams are at an intermediate step in the homogenization process. 
Population dynamics varied across populations for all species. Channel Catfish growth was 
slower than species standards but was similar to other nearby prairie populations. Mortality was 
xxii 
 
generally low across all populations, especially for adult fish, fish up to age 25 were present. 
Catch curve residuals greater or less than -1/1 were observered for at least one age class in each 
Channel Catfish and Flathead Chub populations, suggesting that Channel Catfish and Flathead 
Chub recruitment is variable across the region. Growth, recruitment, and mortality varied across 
all populations for all cyprinid species. Western Silvery Minnow, Plains Minnow, and Sand 
Shiner populations all exhibited high mortality and were short lived, nearly all individuals 
sampled were age-3 or less. This information provides a baseline for future researchers across the 
region and valuable insights into the population dynamics of several common prairie stream 
fishes.  
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Chapter One:  
Inventory, assessment, and comparison of assemblage structure, relative abundance, and 
density of western South Dakota’s prairie stream fishes 
 
Introduction 
 Biodiversity is declining globally, with freshwater aquatic organisms being 
among the most threatened (Ricciardi and Rasmussen 1999; Fischer and Paukert 2008). 
Freshwater fishes are the most rapidly declining vertebrates; extinction threatens one-
third of currently described North American species (Leidy and Moyle 1998). Human 
caused habitat loss and degradation, introduction and spread of exotic species, pollution, 
and climate change are the four most cited causes of biodiversity declines (Allen and 
Flecker 1993; Saunders et al. 2002; Staudt et al. 2013). Prairies are one of the most 
endangered ecosystem types in North America (Noss et al. 1995). Approximately 95% of 
the tall grass prairie has been lost, and grasslands across the Great Plains currently 
occupy 0.1% of their historic range (Dodds et al. 2004; Fischer and Paukert 2008). This 
grassland conversion also affects aquatic systems across the Great Plains (Christopher 
and Wimberley 2013). Great Plains ecosystems, and the biodiversity they support will be 
increasingly threatened by not only increasing levels of anthropogenic disturbance, but 
also climate change (Staudt et al. 2013).  
Prairie streams of the Great Plains typically flow through semi-arid grasslands 
with unstable flow regimes and highly variable physiochemical conditions (Poff and 
Ward 1989; Fausch and Bramblett 1991). Prairie streams can best be described by 
extreme disturbance, flashy hydrology, low summer water levels, high summer water 
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temperatures, winter ice, and high natural turbidities (Fausch and Bramblett 1991; Dodds 
et al. 2004). These harsh hydrologic and environmental conditions and the high level of 
intermittency in headwater streams, support mostly habitat, trophic, and reproductive 
generalists that are highly variable in relative abundance (Fausch and Bramblett 1991). 
Prairie stream fishes exist in a balance between recolonization and extinction, and many 
exhibit large ranging behaviors, moving long distances in response to disturbance, and 
either reproducing quickly or persisting through periods of extreme water quality 
degradation in isolated pools (Dodds et al. 2004). Persistence in harsh and highly variable 
conditions means that many of these fishes are already at the limits of their tolerance and 
thus vulnerable to anthropogenic impacts.  
Prairie stream fish communities are affected mainly by abiotic interactions such 
as disturbance and habitat structure (Poff and Ward 1989; Capone and Kushlan 1991). 
Alterations in these abiotic factors cause changes in fish assemblage composition and 
biodiversity losses. Urbanization, dam construction, over grazing, and the conversion of 
grasslands into row crop production have severely impacted prairie stream ecosystems by 
increasing sedimentation, fragmenting populations, and reducing habitat heterogeneity 
resulting in the loss of refuge habitat and recolonization potential (Rahel 2002; Dodds et 
al. 2004). These anthropogenic disturbances alter flow regimes, water chemistry, and 
physical habitat, which leads to fish assemblage homogenization and losses in native 
species diversity by creating conditions more favorable to lentic and non-native species 
(Scott and Helfman 2001; Dodds et al. 2004; Welker and Scarnechia 2004; Bestgen et al. 
2017).  
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In addition to anthropogenic disturbance, prairie stream ecosystems also will face 
additional abiotic changes caused by climate change. The effects of climate change may 
exacerbate existing stressors and expedite fish assemblage structure alterations and losses 
in biodiversity (Staudt et al. 2013). High crop demands coupled with new technologies 
that make row crop agriculture more feasible in semi- arid regions, are leading to 
increased conversion of grasslands into dryland row crop production; and this conversion 
is ongoing within South Dakota (Clay et al. 2014). As western South Dakota faces 
impending landuse change, understanding the current status of these systems is crucial to 
conserving aquatic biodiversity.  
  Many pelagic broadcast spawners, such as the Flathead Chub Platygobio gracilis, 
Western Silvery and Plains Minnows Hybognathus sp, and the Sturgeon Chub 
Macrhybopsis gelida have declined  across their historic ranges. These fishes move long 
distances upstream and broadcast spawn semi-buoyant, non-adhesive eggs that drift long 
distances as they develop. Their range contractions have been linked to habitat 
degradation resulting from changes in landuse and changes in hydrologic regimes, and 
fragmentation resulting from dam construction (Welker and Scarnecchia 2004). Whereas 
these species are listed as threatened or endangered in some neighboring states, their 
status is listed as stable within South Dakota. South Dakota remains a stronghold for 
many pelagic broadcast spawners and other native stream fishes as a result of the 
relatively unaltered state of the rivers and streams of western South Dakota. Unlike many 
parts of the Great Plains, large areas of intact grasslands and rivers that are either entirely 
undammed, or are free flowing for much of their length with mostly unaltered flow 
regimes are still common in western South Dakota..   
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Previous research on western South Dakota’s prairie streams has been historically 
lacking relative to the systems of eastern South Dakota and the Black Hills. In a time of 
increasing anthropogenic change and natural environmental shifts, a thorough 
understanding of the status of these aquatic systems is needed to make sound 
management decisions to protect the future of our resources. Because of the limited 
amount of sampling previously done on these systems, this study aims to provide an up to 
date assessment of western South Dakota fisheries including an assessment of current fish 
assemblage structure and relative abundances. Due to the harsh and highly variable 
conditions of prairie streams, understanding and maintaining large-scale ecosystem 
processes maintaining local conditions is crucial to the conservation of prairie stream 
fishes (Labbe and Fausch 2000). The objectives of this study are to 1) describe, compare, 
and assess patterns of fish assemblage structure within and among five western South 
Dakota river basins 2) Quantify fish assemblage change over three time periods 
(historical, 1990-2004, and current) and assess whether biotic homogenization has 
occurred. Hoagstrom et al. (2007) found that high beta diversity was a trait of western 
South Dakota river basins likely as a result of differing watershed scale habitat variables 
and the isolation of each river basin, this same study reported homogenization of fish 
assemblages across the region. We hypothesize that landuse change and the introduction 
of non-native species as a result of Missouri River impoundments has furthered this 
homogenization.   
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Methods 
Study Area and Site Selection 
 The streams and rivers of western South Dakota lie within the non-glaciated 
northwestern Great Plains, which is characterized by a semiarid climate and rolling plains 
of shale, siltstone, and sandstone with occasional buttes and badlands scattered across the 
landscape (U.S. Environmental Protection Agency 2003). The five major tributaries to the 
Missouri River in western South Dakota are the Grand, Moreau, Cheyenne, Bad, and White 
rivers. When combined, these rivers drain approximately 127,900 km2 of eastern 
Wyoming, northeast Montana, northwest Nebraska, and western South Dakota, 
approximately 72% of which is within South Dakota. The mainstems of these five major 
basins represent 11 different ecoregions in South Dakota. Each ecoregion is a unique 
combination of geology, vegetative cover, and land use, resulting in inter and intra-basin 
variation in stream characteristics across western South Dakota (Hoagstrom 2006).  
 A minimum of four mainstem and four tributary sites were selected within each of 
the five major river basins (Figure 1-1). Sites were selected by first identifying all areas 
with potential vehicle access and secondarily based on their equal distribution throughout 
the basin and land owner permissions. At each site, reach length was determined as 40 
times the mean stream width (Rabeni et al. 2009), with a minimum length of 100m and a 
maximum length of 1600m. At each reach, eleven evenly spaced transects were 
established; along which we measured physical habitat and collected fish with seine hauls. 
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Fish Collection- Mainstem Sites 
 Fish were collected with a 9.14 x 1.8m bag seine with 4.8mm delta mesh, four 2-
net tandem hoop nets baited with ZOTE™ soap (7 one meter hoops and 25mm mesh), four 
modified single throat fyke nets (0.9 x 1.5m frames, 9mm mesh, and single 9.2m long 
leads), two AFS standard gillnets, and one 25 hook trotline (1.2m between hooks, 0.3m 
drop lines, 1/0 J hooks each baited with 1/2 a nightcrawler). Seine hauls were conducted at 
each transect and in any unique habitat that occurred between transects (riffles, eddies, 
backwaters etc.), each seine haul was approximately 20m in length and done in a 
downstream direction. Passive gears were set in pools and slackwater habitats that were 
too deep or too large to effectively sample via seining. Passive gears were set in the evening 
and fished for approximately 12 hours. Fishes from individual seine hauls and passive gears 
were identified to species, the first 100 fish of each species were measured for total length 
(TL, mm), and additional fishes were enumerated. Two fish from each species encountered 
at each reach were retained as voucher specimens, placed in 10% formalin, and returned to 
the Willis Fish Museum at South Dakota State University.  
Fish Collection- Tributary Sites 
 Block nets were set at the upstream and downstream end of each reach and a single 
pass of seining was conducted throughout the entire reach. Reach length and fish 
processing followed the procedures described above for mainstem sites. In addition to the 
reach wide sampling, one representative pool outside the reach seined to depletion for fish 
density estimation.  
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Physical Habitat Measurements 
 Physical habitat measurements were collected using the South Dakota Department 
of Environment and Natural Resources standard operating procedures (South Dakota 
DENR 2005). At each transect, width, depth, maximum depth, bankfull width and depth, 
bank angle, substrate, canopy cover, and riparian condition were assessed. At the lower, 
middle, and upper transects, air temperature, water temperature, dissolved oxygen, 
conductivity, and velocity were measured. Turbidity, and pH were also measured at each 
reach.  
Statistical Analysis 
Fish Assemblage  
 Species richness was estimated as the total number of species collected from each 
site. Species diversity for each site was estimated using Simpson’s D and Shannon’s H to 
account for the difference in emphasis between indices (i.e., abundant versus rare species). 
Fish assemblage similarity among reaches was assessed with presence-absence data using 
the Jaccard’s Index, the Sorensen’s similarity index, and also with quantitative relative 
abundances using Bray-Curtis dissimilarity (Sorensen 1948; Bray and Curtis 1957).  
Fish Assemblage change 
 Fish assemblages for two different survey periods were described using presence-
absence and abundance data from Hoagstrom (2006), this study, and the South Dakota 
State University fish distribution database. Hoagstrom (2006) summarized fish 
assemblages for the 1990-2005 sampling period. Current fish assemblages (2006 to 2016) 
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were assessed using data collected during this study and supplemented using the 
distribution database for any previously recorded species that was not collected. These time 
periods were selected because fish sampling has been sparse across the region and these 
periods represent the most extensive sampling done in western South Dakota prairie 
streams. The current study excluded the Black Hills therefore, species whose distributions 
were limited to the Black Hills were excluded from analysis. All salmonid species were 
also excluded from analysis because their presence is mostly restricted to the Black Hills. 
However, previous records exist of some put and take stocking (no longer occurring) and 
there are a few established populations in isolated spring-fed streams in the Sandhills 
region. It is important to note that this study was conducted under the assumption that 
species presence-absence data from each time period was representative of the community 
at the time of sampling however, sampling methods and level of sampling effort varied 
between time periods and investigators which may have affected our results. 
 Fish assemblage change between current and historic assemblages was assessed by 
describing the fish assemblage and composition of native and nonnative species, 
calculating the faunal turnover between sampling periods (Hoagstrom 2006), and 
quantifying changes in similarity index values. Following Hoagstrom (2006) we assessed 
two types of unshared species 1.) native species absent from current samples and 2.) 
nonnative species present in current samples but absent from previous samples.  
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Homogenization 
Presence-absence data 
 In order to assess potential biotic homogenization of fish assemblages we first 
measured the change among pairwise river basin and site similarity using the Jaccard’s 
and Sorenesen’s indices. We then calculated the dispersion of sites in multivariate space 
using average inter-river basin or inter-site dissimilarities. Following the methods 
described by Baselga (2010) and Baeten et al. (2012), we calculated total dissimilarity 
among all river basin and site pairs using the Sorensen’s dissimilarity index (βsor). The 
Simpsons dissimilarity index (βsim) was used to express turnover, and we measured the 
fraction of total dissimilarity attributed to nestedness (nestedness component, (βnes).  The 
mean pairwise dissimilarity against all other river basin pairs and sites was used to 
measure compositional differences between pairs of river basins or sites (Baeten et al. 
2012). The mean of each dissimilarity measure and mean species richness between time 
periods using was compared with paired t-tests.  
Quantitative data 
To further assess patterns of assemblage structure change and potential homogenization, 
quantitative data from the 1990-2005 and 2006-2016 sampling periods were also 
compared. Data from EPA and South Dakota DENR samples (2008), Fryda (2001), Loomis 
(1997), Milewski (2001), and Hoagstrom (2006), and the current study, were compiled and 
species percent composition was used as a measure of relative abundance. Only sites that 
were at or in close proximity to sites sampled during the current study were used in 
analysis. The above methods for assessing fish assemblage homogenization were used with 
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the addition of the Bray-Curtis dissimilarity index, which was used to compare quantitative 
changes in species composition between 1990’s surveys and this study.  
Results – Objective 1 
West River Fish Assemblage Description 
 We collected 49,773 fish from 13 families and 44 species from mainstem and 
tributary sites with the combination of passive and active gears during this portion of the 
study (Tables 1-2 & Table 1-34). Seining in mainstem rivers accounted for 19,376 fish 
from 12 families and 38 species; across the five river basins (Tables 1-5 &1-6). Seven 
species accounted for 86% of all fish collected (20.8% Red Shiner Cyprinella lutrensis, 
16.8% Flathead Chub Platygobio gracilis, 13.8% Sand Shiner Notropis stramineus, 
13.1% Western Silvery Minnow Hybognathus argyritis, 8% Channel Catfish Ictalurus 
punctatus, 7.45% River Carpsucker Carpiodes carpio carpio, and 6.14% Plains Minnow 
Hybognathus placitus), no other species exceeded 3%. Cyprinidae (77.5%), 
Catostomidae (9.3%), Ictaluridae (8.5%), and Centrachidae (2.8%) were the most 
abundant families, all other families composed <2% of the community. Mean site species 
richness (Tables 1-8 & 1-9) was 13 and ranged from five at site W5 on the lower White 
River (river mean: 9) to 20 at site M6 on the lower Moreau River (river mean: 15). Mean 
Simpson’s D (Table 1-10) for all sites was 0.62 and ranged from 0.22 at site B2 in the 
Bad River to 0.82 at site G4 on the lower Grand River, river mean Simpson’s D ranged 
from 0.45 in the Bad River to 0.73 in the Moreau River. River mean Shannon’s H (Table 
1-10) ranged from 1.01 in the Bad River to 1.68 in the Moreau River. Based on Bray-
Curtis dissimilarity (Table 1-14), the Grand and Moreau rivers were the most similar 
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(0.46), followed by the Cheyenne and White rivers (0.52); the White and Bad River were 
the most dissimilar (0.87).  
Individual River Fish Assemblage Descriptions – Mainstem Rivers Using Seines 
Grand River:         
 We collected 1893 fish from 9 familes and 24 species with seines from the Grand 
River. Cyprinidae (66.1%), Catostomidae (14.8%), Ictaluridae (9.61%), and Centrachidae 
(3.4%) were the most common families, all other families composed <2% of the 
community (Table 1-5). Species composition varied substantially from site to site (Table 
1-7) but collectively five species accounted for 75% of the species composition with 
Sand Shiner, Flathead Chub, Emerald Shiner (Notropis atherinoides), White Sucker 
(Catostomus commersonii) and Channel Catfish composing 26.9, 19.6, 9.7, 9.7, and 9.4% 
respectively. Species richness and diversity increased downstream from site G1 (richness: 
11, Shannon’s H: 1.09) to site G4 (richness: 16, Shannon’s H: 1.95). Based on Bray-
Curtis and Sorensen’s dissimilarity indices, the Moreau River had the most similar fish 
community (mean Bray-Curtis Dissimilarity: 0.64, Sorensen’s Dissimilarity: 0.39). 
Within the Grand River, site G1, located a short distance downstream of Shadehill 
Reservoir, was the most dissimilar from all other sites.  
Moreau River: 
We collected 6014 fish from 10 families and 25 species with seines from the 
Moreau River. Cyprinidae (85.9%), Ictaluridae (5.5%), Centrachidae (3.7%), and 
Catostomidae (3.3%) were the most abundant families, all other families composed <2% 
(Table 1-3). Species composition was similar among sites aside from the lowest site M6, 
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where Western Silvery Minnows were the most abundant species. Throughout the river, 
Western Silvery Minnow, Sand Shiner, Flathead Chub, and Plains Minnow were the most 
common species and composed 37.7, 17.6, 12.8, and 10.9% respectively, of the total fish 
caught. Species composition was similar among sites, although Western Silvery Minnow 
composed a much larger portion of the assemblage at site M6 than any other site. Based 
on Bray-Curtis dissimilarity the Moreau and Grand River fish communities were the most 
similar however, based on the Sorensens’s Index, the Moreau and Cheyenne rivers were 
the most similar.   
 
Cheyenne River: 
We collected 2488 fish from 10 familes and 26 species with seines from the 
Cheyenne River. Cyprinidae (78.9%), Catostomidae (10.8%), and Ictaluridae (8.4%) 
were the most common families, all other families composed <2% of the community 
(Table 1-3). Flathead Chub, Plains Minnow, River Carpsucker, Channel Catfish, Western 
Silvery Minnow, and Red Shiner were the most abundant species and composed 41.2, 
15.2, 9.2, 8, 6.6, and 5.6% respectively of all fish collected (Table 1-6). Flathead Chub 
was the dominant species at all sites (range of % composition: 37 – 68) except site C1 (% 
composition: 0.3), which is located a short distance downstream of Angostura Reservoir 
and was dominated by Red shiner (% composition: 37%). The Cheyenne River was the 
most similar to the White River based on the Bray-Curtis dissimilarity index (0.57) but 
most similar to the Moreau River based on the Sorensen’s Index (0.39).  
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Bad River: 
We collected 6708 fish from 8 familes and 22 species with seines from the Bad 
River. Cyprinidae (74.6%), Catostomidae (15.4%), Ictaluridae (5.6%), and Centrachidae 
(3.4%) were the most common families, all other families composed <2% of the 
community (Table 1-5). Red Shiner was the dominant species and composed 56.6% of all 
fish collected, followed by River Carpsucker, Sand Shiner, and Channel Catfish which 
composed 14, 13.8, and 5.5 % respectively (table 1-7). Species composition varied 
between sites B1 and B4 but Red Shiner made up the majority of the species composition 
at sites B2 (88.1%) and B3 (83.1%). Bray-Curtis and Sorensen’s dissimilarity was high 
for the Bad River compared to all other rivers, but was lowest when compared to the 
Moreau River (Bray-Curtis Dissimilarity Index: 0.88, Sorensen’s Dissimilarity: 0.45). 
Based on Bray-Curtis dissimilarities, site B4 was the most dissimilar from all other sites, 
sites B2 and B3 were the most dissimilar based on Sorensen’s dissimilarity.  
White River: 
We collected 1849 fish from 6 familes and 20 species with seines from the White 
River. Cyprinidae (71.2%) and Ictaluridae (26.5%) were the most common families, all 
other families combined composed only 2.3% of the community (Table 1-5). Flathead 
Chub (59%) and Channel Catfish (25%) were collectively the two most common species. 
This was the case for all sites except site W1, located upstream of the badlands, where 
Red Shiner was the most abundant species The White and Cheyenne rivers were the most 
similar based on the Bray-Curtis dissimilarity index (0.57) but the Moreau and White 
rivers were the most similar based on the Sorensen’s Index (0.49). Within the White 
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River, Bray-Curtis dissimilarity was highest between site W5 and all other sites and the 
highest dissimilarity among sites was between site W1 and site W5 (0.75), pairwise 
comparisons of Sorensen’s Index values showed the same trend.  
Results – Objective 2 
Native Species 
Excluding the Black Hills, historically there were 39 species native to the five 
western South Dakota river basins of this study (Table 1-15), native species richness 
(Table 1-16) ranged from 18 (Bad River) to 33 (White River). Native species richness 
declined during 1990’s surveys, 34 native species were collected and native species 
richness ranged from 16 (Bad River) to 30 (White River). Current surveys collected 36 
native species and native species richness ranged from 19 (Bad River) to 30 (Cheyenne 
River).   
Non-native Species 
Non-native species were classified as either 1.) in-state nonnatives (species 
present in neighboring rivers) or 2.) Out-of-state nonnatives. Bluntnose Minnow 
Pimephales notatus (Grand River) and Pumpkinseed Lepomis gibbosus (Grand and Bad 
Rivers), both in-state nonnatives, were the only two species recorded as nonnative in pre-
1990s samples. Non-native species richness increased during 1990’s collections to 17 
species, all in-state nonnatives except Common Carp (all river basins), and Rainbow 
Smelt (Cheyenne River), and ranged from 8 (Bad and White rivers) to 15 (Cheyenne 
River) species. During the 2006-2016 sampling period, 27 non-native species were 
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sampled, all of which were in-state nonnatives except for common carp. Nonnative 
species richness ranged from 9 (White River) to 20 (Bad River) species.   
Faunal Change 
Faunal Turnover 
Fish assemblages from the current and 1990-2005 survey periods show large 
differences from pre-1990s samples. Faunal turnover (Table 1-18) was 31.7% (19 
unshared species) between historic and 1990’s surveys, and 12.3% (7 unshared species) 
between the 1990-2005 and 2006-2016 sampling periods, there has been 34.9% (22 
unshared species) faunal turnover from pre-1990 surveys to present. There was a net 
increase of 9 species from the pre-1990 to 1990-2005 sampling period, 14 species were 
added (13 in-state nonnatives, one of state nonnative) and 5 were missing (all natives), 
net species richness increased by two species from the 1990-2005 to current sampling 
period, four species were added (two native, two in-state nonnatives) and 2 were missing 
(one native, one out of state nonnative). Overall net species richness has increased by 12 
species from the pre-1990s to the 2006-2016 sampling period, 17 species were added 
(two native, 15 in-state nonnatives) and five species were missing (all natives).  
Faunal Similarity: among all river basins 
Pre-1990 mean faunal dissimilarity among all drainage pairs was 36% and ranged 
from 23% (Grand – Moreau rivers) to 53 % (Bad-White rivers) based on the Jaccard’s 
Index and 22% with a range of 13 % (Grand – Moreau rivers) to 36% (Bad – White 
rivers) based on the Sorensen’s Index. Mean faunal dissimilarity for 1990’s surveys was 
34% (2% decrease) with a range of 14% (Grand – Moreau rivers) to 45%  (Bad – 
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Cheyenne rivers) based on the Jaccard’s Index and 20.5% (1.7% decrease) with a range 
of 8% (Grand – Moreau rivers) to 29% (Cheyenne – Bad rivers) based on the Sorensen’s 
index. Current mean faunal dissimilarity was 28% (6% decrease) and ranged from 13% 
(Grand – Moreau rivers) to 35% (Grand – White rivers) based on the Jaccard’s Index and 
16% (4% decrease) with a range of 7% (Grand – Moreau rivers) to 21% (Grand – White 
rivers) based on the Sorensen’s Index. Mean faunal dissimilarity between current and 
pre-1990s faunas has decreased by 8% based on the Jaccard’s Index and 6% based on the 
Sorensen’s index.  
Homogenization 
Watershed species presence-absence comparisons 
Mean Jaccard’s pairwise dissimilarity (Figure 1-6) decreased significantly 
through time for all sampling periods: from the pre-1990 (mean= 0.36, standard 
deviation= 0.02) to 1990-2005 (mean= 0.34, standard deviation= 0.02) sampling periods 
(t=2.25, df= 19, P= 0.04) and the 1990-2005 (mean= 0.34, standard deviation= 0.02) to 
the 2006-2016 (mean= 0.28, standard deviation= 0.01) sampling periods (t= 3.86,  df= 
19, P= 0.001). Jaccard’s mean pairwise dissimilarity has decreased significantly from the 
pre-1990 (0.34) to 2006-2016 (0.28) sampling periods (t=5.27, df=19, P< 0.001). Mean 
species richness increased significantly (t=-4.65, df= 4, P=0.01) over time from the pre-
1990 sampling period (mean= 25.8, standard deviation= 6.22), to the 1990-2005 
sampling period (mean= 34.2, standard deviation= 7.49), and to the 2006-2016 sampling 
period (mean=38, standard deviation= 2.91) but the increase was not statistically 
significant (t=-1.50, df= 4, P= 0.21). Mean species richness has increased significantly 
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from 25.8 during the pre-1990 sampling period to 38.2 during the current study (t= -6.01, 
df= 4, P< 0.01).   
Mean Sorensen dissimilarity (Figure 1-6) significantly decreased (t=2.21, df= 19, 
P=0.04) from the pre-1990 sampling period (mean= 0.22, standard deviation= 0.01) to 
the 1990-2005 sampling period (mean= 0.21, standard deviation= 0.01) and from the 
1990-2005 sampling period to the 2006-2016 mean= 0.16, standard deviation= 0.01) 
sampling period (t=3.74, df= 19, P=0.001). Mean Sorensen dissimilarity has decreased 
significantly from the pre-1990 sampling period to the 2006-2016 sampling period 
(t=4.89, df= 19, P= 0.0001). Simpson’s dissimilarity, which expresses the turnover 
component of the total dissimilarity, decreased slightly but not significantly from the pre-
1990 to 1990-2005 sampling period but increased significantly between the 1990-2005 
and 2006-2016 sampling periods (t=-5.69, df= 19, P< 0.0001) and has significantly 
increased from the pre-1990 sampling period to the current study (t=-2.98, df= 19, P< 
0.01). The nestedness dissimilarity component, which expresses the amount of total 
dissimilarity derived from nestedness patterns, did not change significantly from the pre-
1990 sampling period to the 1990-2005 sampling period (t=0.52, df= 19, P =0.6) but 
decreased significantly from the 1990-2005 to 2006-2016 sampling period (t=4.99, df= 
19, P< 0.0001) and from the pre-1990 to 2006-2016 sampling periods (t=5.55, df= 19, 
P< 0.0001).  
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Paired-site Comparison 
Based on Sorensen dissimilarity there was a significant change in species 
composition between the 1990-2005 and 2006-2016 sampling periods, mean dissimilarity 
(Figure 1-6) decreased from 0.45 to 0.41 (t = 3.94, df = 170, P < 0.001), the nestedness 
component of the total dissimilarity also increased significantly from 0.07 to 0.11 (t = -
4.49, df = 170, P < 0.0001). Dissimilarity due to turnover also significantly changed, but 
in the opposite direction and decreased from 0.38 to 0.30 (t = 6.76, df = 170, P < 0.0001) 
meaning that a smaller number of species were replaced by other species.  
Abundance based mean pairwise Bray-Curtis dissimilarity (Figure 1-6) did not 
change between time periods (1990-2005: 0.6597, 2006-2016: 0.6596; t= 0.008, df= 170, 
P=0.99). Mean pairwise dissimilarity within watersheds did decrease (1990-2005: 0.56, 
2006-2016: 0.53) but was not statistically significant (t=0.53, df= 4, P= 0.63). Like 
turnover and the nestedness component used to assess changes in the presence-absence 
data, balanced changes in abundance between sites and changes along gradients are both 
contributing factors to the total dissimilarity and can offer more insight into abundance 
based compositional changes but because the relative abundance values available were 
species percent compositions and were on the scale of 0-100 those components cannot be 
determined (Baselga 2013).  
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Discussion 
Numerous range expansions were observed and comparisons of changes in 
dissimilarity indicate a trend of biotic omogenization but Western South Dakota’s fish 
communities appear to have changed only slightly over the 20 years since the previous 
comprehensive sampling took place. In most river drainages, no significant changes in 
dominant species have occurred and cyprinids, ictalurids, and catostomids continue to be 
the dominant families across the five rivers. The largely maintained natural hydrologic 
regime and environmental harshness of these systems appears to be limiting large shifts 
in fish species compositions, as seen in numerous other Great Plains systems (Bestgen et 
al. 2017).  
Grand River 
Species compositions from the current study are very similar to that of samples 
collected during the 1990-2005 sampling period. As a result of its close proximity to 
Shadehill reservoir, the furthest upstream site was the most dissimilar compared to all 
other sites within the Grand River. The tailwater effect from the reservoir supports fish 
species that are rare throughout the rest of the river, such as Smallmouth Bass, Northern 
Pike, and Walleye. White Sucker and Johnny Darter Etheostoma nigrum were the two 
most common species at that site, and it was the only site sampled during this study 
where these species were the prominent species in the fish community, Johnny Darters 
were rare at all other sites during the study. This shift away from a typical prairie stream 
fish assemblage is similar to that described by Hoagstrom et al. (2007) in the upper 
Cheyenne River below Angostura Reservoir. Downstream the fish assemblage returns to 
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cyprinid and ictalurid dominated communities;  comparison of the paired site data from 
1990-2005 and the 2006-2016 samples show that during the 1990-2005 sampling period 
Flathead Chub, Channel Catfish, Emerald Shiner, and River Carpsucker were the four 
most common species (26.3, 19.6, 14.6, and 7.1% respectively) and during the current 
study the four most common species were Channel Catfish, Sand Shiner, Flathead Chub, 
and Emerald Shiner (34.9, 19.3, 12.3, and 11% respectively). Aside from the increase in 
Sand Shiner abundance and a decrease in River Carpsucker abundance, there has been 
minor change in the common species present.  
Moreau River 
  Species and taxonomic richness increased compared to that reported by Loomis 
(1997) however, the previous study was limited to the upper Moreau River in Perkins 
County and it is likely that both species and taxonomic richness would be very similar if 
the previous study had included sampling of the lower river reaches. The same five 
species that dominated species compositions from the Loomis (1997) samples: Sand 
Shiner, Flathead Chub, Plains Minnow, Western Silvery Minnow, and Channel Catfish 
also dominated the species composition during the current study but in slightly different 
order. Species composition varied little among sites, indicated by the low mean Bray-
Curtis dissimilarity. The Moreau River is one of the least anthropogenically disturbed 
rivers in western South Dakota and that is likely reflected by it having the highest mean 
species richness and diversity out of the five rivers sampled during this study.  
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Cheyenne River 
 Hoagstrom et al. (2007) described substantial shifts in fish community 
composition in the tailwater zone below Angostura Dam, such as increased Red Shiner 
and Smallmouth Bass dominance and the disappearance of Flathead Chub. Smallmouth 
Bass dominance decreased from 18 to 5% but otherwise, the changes described by 
Hoagstrom et al. (2007) have persisted. This upstream site had the second highest species 
richness and was the most dissimilar to all other sites except when compared to the next 
closest site, site C2. Species richness declined downstream from site C1 to site C3 and 
then increased moving downstream to site C5. The middle site, site C3, had the lowest 
species richness and diversity, Hampton (1997) reported similar lower richness and 
diversity in the middle segment of the river that corresponds with site C3 but did not find 
the difference to be statistically significant. Aside from the tailwater affected section 
below Angostura Reservoir, the fish community of the Cheyenne has changed little from 
historic records, dominant species within the river have not changed and most of the 
species additions can be attributed to Missouri River impoundments and none of those 
species were a large component of the assemblage. The harsh environment of the 
Cheyenne River has likely prevented the success of invading species.   
 
Bad River 
 The Bad River is the smallest of the five western South Dakota tributaries and it’s 
characteristics are more similar to lower stream order tributary streams in the region than 
the other larger rivers. It has a lower width to depth ratio, more canopy cover from 
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riparian vegetation, and is mostly a series of slow moving pools. Of the five rivers in this 
study, the Bad River has changed the most through time, while no species have been lost, 
15 have been added. This large number of species additions is likely due to the more 
lentic nature of much of the river (mostly the same species introduced everywhere else 
but there are more able to survive here). Red Shiner, Sand Shiner, and Channel Catfish 
were three of the four most common species during both sampling period however, Plains 
Minnow and Flathead Chub were the 4th and 5th most abundance species during the 
previous study (12.1 and 8.5% respectively) and have declined substantially in abundance 
(Plains Minnow: 1.2%, Flathead Chub: 0.1%). Both of these species have declined across 
much of their range and are listed as threatened in a number of surrounding prairie states 
(Steffensen 2015). Perkin et al. (2015) described increased homogenization across the 
Great Plains, primarily associated with the decline of pelagophilic and lithopelagic fishes 
as a result of decreased stream fragment length and days with no flow; Plains Minnow 
and Flathead chubs declines in the Bad River may be a result of the fragmentation and 
altered hydrology as a result of the high densities of stock dams across the watershed. 
More intense localized cattle grazing and agricultural development within the floodplain, 
as compared to other western South Dakota rivers basins, may also be negatively 
effecting native Bad River fish species. We did not quantify differing levels of 
agricultural intensity or practices within watersheds during this study but this may be of 
interest to investigators conducting future fish community or species specific research 
within western South Dakota.  
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White River  
 The White River fish community appears to have changed little over sampling 
periods, Flathead Chub and Channel Catfish were the two most abundant species during 
both the 1990-2005 sampling period and the current study. Channel Catfish relative 
abundance increased from 19% as reported by Fryda (1998) to 34% during the current 
study. Other species common during the Fryda (1998) study continued to be abundant, 
though Plains Minnow and Fathead Minnow relative abundance declined from 15.7% and 
10.9% to 1.1% and 0.4% respectively. Sturgeon Chub Macrhybopsis gelida, a heritage 
species listed of special concern in South Dakota, remained abundant during the current 
study, and percent composition was within 0.03% of that reported during the previous 
study (Fryda: 1%, current study: 0.97%). Of the 11  species added since pre-1990 
sampling, none were abundant, except Freshwater Drum Aplodinotus grunniens and 
Silverband Shiner Notropis shumardi, both of which were sampled at the furthest 
downstream site. Freshwater Drum are likely a Missouri River impoundment contribution 
and Silverband Shiner were likely present during previous studies but misidentified, 
neither species composed more than 1% of the community at that site. Shovelnose 
Sturgeon is a notable species that was added during the current study, two juveniles were 
sampled during the course of this project. Fryda (1998) reported that the species was 
suspected to have seasonally used the river but had not been previously sampled. Both 
individuals were sampled in gill nets, which was a gear not used in previous studies. 
Several native species were missing during the current study but were mostly species 
with localized distributions within the Sandhills region and their absence from collections 
may be due to limitations in sampling effort. Overall, the fish community of the White 
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River has changed little, likely as a result of the high natural turbidity coupled with 
environmental variability which have likely prohibited the colonization of invading 
species and limited the spread of present invading species. The mostly intact hydrologic 
regime and limited landuse change throughout the watershed has resulted in a mostly 
historically intact fish community within the White River. 
Homogenization 
 Fish community homogenization, primarily as a result of fragmentation and 
altered hydrology, has affected many of the streams of the Great Plains and is largely a 
result of native species range extensions and loss of pelagic broadcast spawning fishes 
(Perkin et al. 2015). Hoagstrom (2006) suggested a trend of potential homogenization 
across the region, and that trend was observed during the current study, there were no 
significant changes in abundance based dissimilarity. However, decreases in pairwise 
dissimilarity based on the presence-absence data from Hoagstrom (2006) for pre-1990 
and 1990-2005 collections, as well as the paired site comparisons of the 1990-2005 and 
2006-2016 data from Loomis (1997), Duehr (1998), Fryda (1999), Milewskie (2002), and 
the current study, suggest that biotic homogenization of western South Dakota’s rivers 
has occurred. Changes in dissimilarity due to turnover and nestedness changed 
significantly through time but in different directions between data sets. Comparison of 
the turnover between the pre-1990 to 2006-2016 sampling period based on the watershed 
species presences, indicated a significant increase in turnover and decrease in nestedness 
but the comparison of data from paired sites within only the river mainstems indicated a 
decrease in turnover and an increase in nestedness. These contradictory results may be 
due to the smaller sample size of the paired site comparisons, differing spatial scale of 
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investigation (site level versus watershed level), or a combination of the two. Prairie 
stream fish communities vary as a result of their stochastic environmental conditions, 
habitat variation, and also along environmental gradients; coarse scale investigations (i.e. 
watershed or regional) will be less sensitive to species responses to shifting habitat or 
environmental conditions (Noss et al. 1995). Differing results attributed to the spatial 
scale of investigation may suggest that fish community changes and the processes driving 
them, varies throughout these watersheds. This is supported by Kaiser 2017, who while 
developing an index of biotic integrity for western South Dakota streams, identified 
several fish assemblage metrics that were associated with varying habitat characteristics 
at individual sites within streams. Changes between time periods in total dissimilarity, 
turnover, and the nestedness component for the watershed species presence comparison 
only account for changes between watersheds not individual sites within the river basin. 
The paired site comparisons measured change from site to site within each river and their 
results may be more representative of the changes across western South Dakota river 
basins. While the rate and exact factors driving the process are unclear, results from the 
comparisons of both data sets support continued homogenization.    
Only five historically described species have been lost, two of which are likely a 
result of Missouri River impoundments (Burbot and Flathead Catfish). Finescale Dace, 
and Western Blacknose Dace are associated with the Sandhills region, and their absence 
is likely due to the limited sampling done within Sandhills streams in the White River 
watershed during the current study. Blacknose Shiner has a similar distribution to that of 
Finescale Dace and Western Blacknose Dace but has not been recorded since the pre-
1990 collections. Native species losses have been limited, but the fish community has 
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changed through time, a large number of species (Figure 1-7) have been added to each 
river basin. Fish community changes have mostly been a result of range expansions. The 
Bad River had the largest number of species additions and an apparent decline in a once 
abundant pelagic broadcast spawning fish (Flathead Chub). Perkin and Gido (2011) 
estimated the river fragment length needed for the persistence of Flathead Chub to be 
183km and described the Bad River as 184km in length. Bad River fish community 
changes may be a result of the high number of stock dam ponds in the basins headwaters 
and condensed agricultural development within the floodplain, these developments have 
likely resulted in habitat and hydrologic regime alteration, and greater fragmentation 
within the river basin. Also of note is the loss of another pelagic broadcast spawning fish 
from the Grand River, the Sturgeon Chub, which is listed as threatened or endangered 
across much of its range. Sturgeon Chub were historically present in the Grand River but 
were missing from recent samples. Perkin and Gido (2011) estimated the river fragment 
length needed for Sturgeon Chub persistence as 297km and described the undammed 
Grand River as 256km; their disappearance is likely due to fragmentation and sediment 
retention as a result of Shadehill Reservoir located in the upper 1/3 of the watershed. 
Declines of these lithophilic spawners may be an indication of larger impending fish 
community changes and increased biotic homogenization (Perkin et al. 2015).  
Biotic homogenization of freshwater faunas is generally associated with higher 
biodiversity as a result of species colonization’s outpacing the decline of native species 
(Rahel 2002); western South Dakota’s stream fish communities appear to be following 
this trend. Also, lag times in the expansion of colonizing species also frequently occur 
(Crooks 2005) and it is likely that  western South Dakota rivers may be at an intermediate 
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step in the homogenization process. Bestgen et al. (2017) described an intact native fish 
assemblage in the Purgatoire River, a Great Plains stream in eastern Colorado, which had 
changed very little over 24 years and was still dominated by the same common native 
species. This is similar to that of the fish assemblages in the five western South Dakota 
river basins. Bestgen et al. (2017) attributed the persistence of this native fish assemblage 
to the remaining dynamic nature of prairie stream hydrology and environmental 
harshness. Changes to western South Dakota’s stream fish communities through time 
have been mostly minimal for common species, and it appears that these same factors 
have resulted in mostly unchanged fish assemblages across western South Dakota (Kaiser 
2017). However, across the fiver river basins 12 species have been lost from one or more 
river basins and a range of 11 to 19 species have been added to each river basin since the 
pre-1990s collections. Significant landuse changes in any of the five river basins will 
likely expedite fish community change, and as agricultural development expands 
throughout the region, further declines of lithophilic spawners and biotic homogenization 
should be of special concern. 
Conclusion 
 Western South Dakota lotic fish assemblages remain mostly intact however, 
change is occurring. Relative to other portions of the Great Plains, alteration of 
hydrologic regimes, human modification of stream channels, and grassland conversion 
has been minimal. This coupled with the harsh environmental conditions of western 
South Dakota streams presently appears to be limiting community changes. Protecting 
western South Dakota’s biodiversity hinges on the continued minimal alteration of those 
factors. Continued and more frequent monitoring of the fish assemblages within these 
28 
 
 
river basins is needed to provide a better understanding of the mechanisms driving fish 
community change, and the rate at which change is occurring.  
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Table 1-1: Site numbers (tributary sites denoted by a "T"), GPS coordinates for the upstream 
and downstream ends of each reach, and the reach length sampled  
Watershed Site# Upstream Downstream Reach Length 
Grand 
G1 45.76695  -102.14158 45.76438  -102.13416 770 
G2 45.68341  -101.80288 45.68561  -101.79790 600 
G3 45.74083  -101.16272 45.74751  -101.15602 960 
G4 45.65770  -100.81693 45.66102  -100.81149 974 
GT1 45.64133  -102.99530 45.64338  -102.99098 484 
GT2 45.86187  -102.29318 45.86163  -102.29239 100 
GT3 45.80297  -102.36063 45.80522  -102.35821 336 
GT4 45.66741  -102.31086 45.66966  -102.30501 600 
GT5 45.77822  -101.34986 45.77758  -101.34879 100 
GT6 45.81851  -101.66811 45.81883  -101.66603 264 
GT7 45.57148  -101.54594 45.57204  -101.54498 100 
Moreau 
M1 45.14444  -102.83898 45.14411  -102.83477 368 
M2 45.16967  -102.71622 45.16846  -102.71489 368 
M3 45.16832  -102.71433 45.20964  -102.04958 880 
M4 45.22109  -101.64669 45.22548  -101.64194 940 
M5 45.17977  -101.23850 45.18394  -101.23112 800 
M6 45.18383  -101.23118 45.82397  -100.68884 640 
MT1 45.17544  -103.66956 45.17548  -103.66838 100 
MT2 45.08411  -103.55244 45.08459  -103.55219 100 
MT3 45.33811  -103.42970 45.33836  -103.24814 100 
MT4 45.29805  -101.41676 45.29964  -101.41654 115 
Cheyenne 
C1 43.39188  -103.32916 43.39562  -103.32950 444 
C2 44.05956  -102.45164 44.06384  -102.44311 1000 
C3 44.44144  -102.13521 44.43836  -102.12065 1600 
C4 44.57166  -101.62453 44.57139  -101.61163 1600 
C5 44.69094  -101.23595 44.69576  -101.21922 1600 
CT1 43.91.03  -102.68442 43.91.03  -102.68442 256 
CT2 43.91075  -102.41348 43.91051  -102.41533 132 
CT3 44.76121  -101.92286 44.75788  -101.92473 452 
CT4 44.45165  -101.39509 44.45144  -101.39352 200 
Bad 
B1 44.02143  -101.71925 44.62034  -101.71822 160 
B2 44.22241  -100.69579 44.06614  -101.15334 260 
B3 44.22466  -100.69889 44.22215  -100.69609  548 
B4 44.32752  -100.38665 44.32553  -100.38901 626 
BT1 43.95820  -101.89964 43.95701  -101.90053 242 
BT2 44.07967  -101.78544 44.07834  -101.78542 107 
BT3 44.29043  -101.03813 44.28961  -101.03857 100 
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Table 1-1. Continued     
White 
W1 43.07635  -102.81132 43.07579  -102.80824 243 
W2 43.69427  -102.09718 43.69365  -102.08530 1400 
W3 43.73812  -100.66794 43.73454  -100.65379 1600 
W4 43.69588  -99.93712 43.68663  -99.92831 1600 
W5 43.75727  -99.56657 43.74824  -99.55649 1600 
WT1 43.76180  -101.71935 43.76.97  -101.71960 100 
WT2 43.26263  -100.90671 43.26254  -100.90291 492 
WT3 43.35659  -100.86988 43.35972  -100.86884 552 
WT4 43.67137  -99.99856 43.67021  -99.99654 284 
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Table 1-2. Fish assemblage composition by family for each mainstem river and the total family 
composition of all maistem river fish collected across western South Dakota using all passive 
and active gears 
Family Grand Moreau Cheyenne Bad White West River 
Cyprinidae 52.561 73.142 65.751 68.733 58.162 66.631 
Ictaluridae 25.514 11.333 21.712 9.633 38.731 16.640 
Catostomidae 10.049 3.861 10.016 16.252 0.788 9.163 
Centrachidae 5.775 9.138 1.002 4.093 0.525 5.177 
Percidae 3.361 0.106 0.355 0.303 0.000 0.614 
Hiodontidae 0.881 0.965 0.194 0.263 1.619 0.691 
Scianidae 0.914 0.463 0.226 0.026 0.088 0.313 
Moronidae 0.653 0.820 0.226 0.000 0.000 0.377 
Clupeidae 0.000 0.000 0.065 0.671 0.000 0.225 
Lepidosteidae 0.033 0.119 0.162 0.026 0.044 0.076 
Esocidae 0.228 0.053 0.032 0.000 0.000 0.051 
Fundulidae 0.000 0.000 0.258 0.000 0.000 0.034 
Acipenseridae 0.000 0.000 0.000 0.000 0.044 0.004 
Gasterostidae 0.033 0.000 0.000 0.000 0.000 0.004 
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Table 1-3. Fish assemblage composition by family for each mainstem river and the total family 
composition of all maistem river fish collected across western South Dakota using seines 
Family Grand Moreau Cheyenne Bad White West River 
Cyprinidae 74.568 78.979 66.086 85.900 71.174 77.534 
Ictaluridae 5.561 8.441 9.614 5.454 26.501 8.480 
Catostomidae 15.385 10.852 14.897 3.326 0.595 9.290 
Centrachidae 3.384 0.804 3.381 3.725 0.595 2.833 
Percidae 0.313 0.121 3.698 0.050 0.000 0.650 
Hiodontidae 0.015 0.161 0.370 0.682 1.028 0.382 
Moronidae 0.000 0.161 0.898 0.532 0.000 0.274 
Scianidae 0.015 0.000 0.951 0.299 0.108 0.201 
Clupeidae 0.760 0.080 0.000 0.000 0.000 0.274 
Fundulidae 0.000 0.322 0.000 0.000 0.000 0.041 
Esocidae 0.000 0.000 0.106 0.017 0.000 0.021 
Lepidosteidae 0.000 0.080 0.000 0.017 0.000 0.015 
Gasterostidae 0.000 0.000 0.000 0.000 0.000 0.005 
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Table 1-4. Speceis percent composition from each maistem river collected using all passive and 
active gears 
  All Gears 
Species Grand Moreau Cheyenne Bad White 
Black Bullhead 0.000 0.344 0.032 0.737 1.707 
Black Crappie 4.666 7.234 0.000 0.158 0.000 
Bluegill 0.000 0.291 0.097 0.066 0.350 
Brook Stickleback 0.033 0.000 0.000 0.000 0.000 
Channel Catfish 25.285 10.103 21.325 8.896 36.105 
Common Carp 1.403 0.264 0.905 0.461 0.569 
Creek Chub 0.033 0.000 0.000 0.000 0.000 
Emerald Shiner 10.082 3.332 0.485 0.000 0.000 
Flathead Chub 12.920 10.156 33.312 0.105 47.746 
Fathead Minnow 4.600 1.759 2.456 2.737 0.306 
Freshwater Drum 0.914 0.463 0.226 0.026 0.088 
Gizzard Shad 0.000 0.000 0.065 0.671 0.000 
Goldeye 0.881 0.965 0.194 0.263 1.619 
Green Sunfish 0.653 1.547 0.032 1.013 0.131 
Johnny Darter 2.153 0.026 0.000 0.000 0.000 
Largemouth Bass 0.000 0.066 0.097 0.000 0.044 
Longnose Dace 0.326 1.217 1.616 0.000 0.000 
Northern Pike 0.228 0.053 0.032 0.000 0.000 
rangespotted sunfish 0.000 0.000 0.000 2.856 0.000 
Plains Killifish 0.000 0.000 0.162 0.000 0.000 
Plains Minnow 2.969 9.905 12.536 1.158 0.963 
Plains Topminnow 0.000 0.000 0.097 0.000 0.000 
River Carpsucker 2.708 3.161 7.884 14.752 0.613 
Red Shiner 0.033 0.000 4.653 51.717 4.158 
Rock Bass 0.000 0.000 0.065 0.000 0.000 
Sauger 0.033 0.000 0.097 0.013 0.000 
Sand Shiner 19.152 14.044 3.231 12.515 0.613 
Silverband Shiner 0.000 0.000 0.000 0.000 0.044 
Shorthead Redhorse 1.272 0.503 1.939 0.382 0.088 
Smallmouth Bass 0.326 0.000 0.711 0.000 0.000 
Shortnose Gar 0.033 0.119 0.162 0.026 0.044 
Shovelnose Sturgeon 0.000 0.000 0.000 0.000 0.044 
Sturgeon Chub 0.000 0.000 0.226 0.000 0.788 
Stonecat 0.228 0.886 0.355 0.000 0.919 
Walleye 1.175 0.079 0.258 0.105 0.000 
White Bass 0.653 0.820 0.226 0.000 0.000 
White Crappie 0.131 0.000 0.000 0.000 0.000 
White Sucker 6.069 0.198 0.194 1.119 0.088 
Western Silvery Minnow 1.044 32.465 6.333 0.039 2.976 
Yellow Perch 0.000 0.000 0.000 0.184 0.000 
  
39 
 
 
Table 1-5. Species percent composition for each site collected using all gears 
  Grand River     
  G1 G2 G3 G4     
Black Bullhead 0.000 0.000 0.000 0.000     
Black Crappie 0.608 2.264 0.394 10.264     
Bluegill 0.000 0.000 0.000 0.000     
Brook Stickleback 0.000 0.000 0.000 0.000     
Channel Catfish 9.726 5.660 18.528 40.980     
Common Carp 1.520 0.755 0.000 0.233     
Creek Chub 0.000 0.000 0.000 0.078     
Emerald Shiner 0.304 1.509 2.760 13.142     
Flathead Chub 0.000 2.642 23.916 14.308     
Fathead Minnow 0.000 6.038 4.074 0.311     
Freshwater Drum 0.000 0.000 0.000 2.177     
Gizzard Shad 0.000 0.000 0.000 0.000     
Goldeye 1.824 3.774 0.788 0.233     
Green Sunfish 0.304 3.774 0.657 0.078     
Johnny Darter 20.061 0.000 0.000 0.000     
Largemouth Bass 0.000 0.000 0.000 0.000     
Longnose Dace 0.000 0.000 0.657 0.000     
Northern Pike 1.520 0.000 0.131 0.000     
Orangespotted Sunfish 0.000 0.000 0.000 0.000     
Plains Killifish 0.000 0.000 0.000 0.000     
Plains Minnow 0.000 4.906 10.118 0.078     
Plains Topminnow 0.000 0.000 0.000 0.000     
River Carpsucker 0.912 0.000 3.548 4.121     
Red Shiner 0.000 0.000 0.000 0.000     
Rock Bass 0.000 0.000 0.000 0.000     
Sauger 0.000 0.000 0.000 0.078     
Sand Shiner 3.343 65.283 28.778 9.876     
Silverband Shiner 0.000 0.000 0.000 0.000     
Shorthead Redhorse 1.824 2.264 0.920 1.322     
Smallmouth Bass 3.040 0.000 0.000 0.000     
Shortnose Gar 0.000 0.000 0.000 0.078     
Shovelnose Sturgeon 0.000 0.000 0.000 0.000     
Sturgeon Chub 0.000 0.000 0.000 0.000     
Stonecat 0.000 0.377 0.788 0.000     
Walleye 0.304 0.377 0.263 0.233     
White Bass 0.000 0.000 0.000 1.555     
White Crappie 0.000 0.000 0.000 0.311     
White Sucker 54.711 0.000 0.394 0.078     
Western Silvery Minnow 0.000 0.377 3.285 0.467     
Yellow Perch 0.000 0.000 0.000 0.000     
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Table 1-5. Continued 
  Moreau River 
  M1 M2 M3 M4 M5 M6 
Black Bullhead 0.000 0.158 0.511 1.561 0.200 0.000 
Black Crappie 0.000 0.000 0.000 0.000 0.000 15.562 
Bluegill 0.000 2.690 0.000 0.459 0.000 0.000 
Brook Stickleback 0.000 0.000 0.000 0.000 0.000 0.000 
Channel Catfish 10.307 3.639 6.574 14.141 29.341 8.620 
Common Carp 0.000 0.000 0.292 0.367 0.399 0.284 
Creek Chub 0.000 0.000 0.000 0.000 0.000 0.000 
Emerald Shiner 0.000 0.000 0.000 0.000 0.200 7.141 
Flathead Chub 22.368 14.873 12.418 27.456 20.160 0.057 
Fathead Minnow 1.096 7.120 1.680 0.184 7.186 0.626 
Freshwater Drum 0.000 0.000 0.000 0.000 0.200 0.967 
Gizzard Shad 0.000 0.000 0.000 0.000 0.000 0.000 
Goldeye 0.219 0.000 1.753 0.367 2.196 0.939 
Green Sunfish 4.605 6.171 0.073 3.398 3.393 0.057 
Johnny Darter 0.000 0.000 0.000 0.000 0.399 0.000 
Largemouth Bass 0.000 0.000 0.000 0.275 0.399 0.000 
Longnose Dace 3.070 6.804 0.804 1.102 0.998 0.199 
Northern Pike 0.000 0.000 0.000 0.275 0.200 0.000 
Orangespotted Sunfish 0.000 0.000 0.000 0.000 0.000 0.000 
Plains Killifish 0.000 0.000 0.000 0.000 0.000 0.000 
Plains Minnow 5.921 7.911 27.173 3.489 1.198 7.283 
Plains Topminnow 0.000 0.000 0.000 0.000 0.000 0.000 
River Carpsucker 0.658 0.158 1.169 1.561 1.397 5.548 
Red Shiner 0.000 0.000 0.000 0.000 0.000 0.000 
Rock Bass 0.000 0.000 0.000 0.000 0.000 0.000 
Sauger 0.000 0.000 0.000 0.000 0.000 0.000 
Sand Shiner 40.351 45.253 17.458 22.130 21.756 0.085 
Silverband Shiner 0.000 0.000 0.000 0.000 0.000 0.000 
Shorthead Redhorse 0.439 0.000 1.096 0.275 2.395 0.171 
Smallmouth Bass 0.000 0.000 0.000 0.000 0.000 0.000 
Shortnose Gar 0.000 0.000 0.000 0.000 0.000 0.256 
Shovelnose Sturgeon 0.000 0.000 0.000 0.000 0.000 0.000 
Sturgeon Chub 0.000 0.000 0.000 0.000 0.000 0.000 
Stonecat 0.658 0.158 0.584 4.500 0.998 0.028 
Walleye 0.000 0.000 0.000 0.000 0.200 0.142 
White Bass 0.000 0.000 0.000 0.000 0.000 1.764 
White Crappie 0.000 0.000 0.000 0.000 0.000 0.000 
White Sucker 1.316 0.475 0.073 0.367 0.000 0.028 
Western Silvery Minnow 8.991 4.589 28.342 18.090 6.786 50.242 
Yellow Perch 0.000 0.000 0.000 0.000 0.000 0.000 
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Table 1-5. Continued 
  Cheyenne River   
  C1 C2 C3 C4 C5   
Black Bullhead 0.269 0.000 0.000 0.000 0.000   
Black Crappie 0.000 0.000 0.000 0.000 0.000   
Bluegill 0.806 0.000 0.000 0.000 0.000   
Brook Stickleback 0.000 0.000 0.000 0.000 0.000   
Channel Catfish 23.656 14.068 20.364 23.315 36.123   
Common Carp 2.151 1.165 0.331 0.000 1.101   
Creek Chub 0.000 0.000 0.000 0.000 0.000   
Emerald Shiner 0.538 0.000 0.331 1.275 0.881   
Flathead Chub 0.269 32.079 36.755 51.184 37.225   
Fathead Minnow 0.269 6.183 0.000 0.000 1.322   
Freshwater Drum 0.000 0.000 0.000 0.182 1.322   
Gizzard Shad 0.000 0.000 0.000 0.000 0.441   
Goldeye 0.538 0.000 0.000 0.729 0.000   
Green Sunfish 0.000 0.000 0.000 0.000 0.220   
Johnny Darter 0.000 0.000 0.000 0.000 0.000   
Largemouth Bass 0.806 0.000 0.000 0.000 0.000   
Longnose Dace 0.000 1.882 0.662 1.821 3.304   
Northern Pike 0.269 0.000 0.000 0.000 0.000   
Orangespotted Sunfish 0.000 0.000 0.000 0.000 0.000   
Plains Killifish 0.000 0.000 0.497 0.364 0.000   
Plains Minnow 0.000 29.301 1.159 6.011 4.626   
Plains Topminnow 0.806 0.000 0.000 0.000 0.000   
River Carpsucker 2.957 0.986 32.119 2.732 2.863   
Red Shiner 30.914 1.165 0.828 1.639 0.441   
Rock Bass 0.538 0.000 0.000 0.000 0.000   
Sauger 0.000 0.090 0.000 0.182 0.220   
Sand Shiner 18.817 1.075 0.000 1.275 2.423   
Silverband Shiner 0.000 0.000 0.000 0.000 0.000   
Shorthead Redhorse 7.796 0.986 1.656 0.911 1.101   
Smallmouth Bass 5.914 0.000 0.000 0.000 0.000   
Shortnose Gar 0.000 0.000 0.000 0.364 0.661   
Shovelnose Sturgeon 0.000 0.000 0.000 0.000 0.000   
Sturgeon Chub 0.000 0.000 0.000 0.546 0.881   
Stonecat 0.000 0.000 0.166 0.729 1.322   
Walleye 1.882 0.000 0.166 0.000 0.000   
White Bass 0.000 0.000 0.000 0.000 1.542   
White Crappie 0.000 0.000 0.000 0.000 0.000   
White Sucker 0.806 0.179 0.000 0.000 0.220   
Western Silvery Minnow 0.000 10.842 4.967 6.740 1.762   
Yellow Perch 0.000 0.000 0.000 0.000 0.000   
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Table 1-5. Continued 
  Bad River     
  B1 B2 B3 B4     
Black Bullhead 3.482 0.397 0.076 0.054     
Black Crappie 0.000 0.567 0.076 0.000     
Bluegill 0.000 0.284 0.000 0.000     
Brook Stickleback 0.000 0.000 0.000 0.000     
Channel Catfish 4.164 6.183 7.407 16.907     
Common Carp 0.984 0.397 0.189 0.535     
Creek Chub 0.000 0.000 0.000 0.000     
Emerald Shiner 0.000 0.000 0.000 0.000     
Flathead Chub 0.000 0.000 0.038 0.375     
Fathead Minnow 6.510 3.176 1.323 1.659     
Freshwater Drum 0.000 0.057 0.000 0.054     
Gizzard Shad 0.000 0.000 0.000 2.729     
Goldeye 1.211 0.057 0.076 0.054     
Green Sunfish 4.618 0.454 0.302 0.000     
Johnny Darter 0.000 0.000 0.000 0.000     
Largemouth Bass 0.000 0.000 0.000 0.000     
Longnose Dace 0.000 0.000 0.000 0.000     
Northern Pike 0.000 0.000 0.000 0.000     
Orangespotted Sunfish 2.044 2.779 5.291 0.054     
Plains Killifish 0.000 0.000 0.000 0.000     
Plains Minnow 0.000 0.000 3.250 0.107     
Plains Topminnow 0.000 0.000 0.000 0.000     
River Carpsucker 3.558 2.496 1.701 52.702     
Red Shiner 28.085 80.715 76.153 6.474     
Rock Bass 0.000 0.000 0.000 0.000     
Sauger 0.000 0.000 0.000 0.054     
Sand Shiner 39.667 1.929 3.515 16.051     
Silverband Shiner 0.000 0.000 0.000 0.000     
Shorthead Redhorse 0.454 0.284 0.529 0.214     
Smallmouth Bass 0.000 0.000 0.000 0.000     
Shortnose Gar 0.000 0.000 0.000 0.107     
Shovelnose Sturgeon 0.000 0.000 0.000 0.000     
Sturgeon Chub 0.000 0.000 0.000 0.000     
Stonecat 0.000 0.000 0.000 0.000     
Walleye 0.000 0.000 0.000 0.428     
White Bass 0.000 0.000 0.000 0.000     
White Crappie 0.000 0.000 0.000 0.000     
White Sucker 5.223 0.170 0.000 0.696     
Western Silvery Minnow 0.000 0.057 0.076 0.000     
Yellow Perch 0.000 0.000 0.000 0.749     
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Table 1-5. Continued 
  White River    
  W1 W2 W3 W4 W5   
Black Bullhead 12.000 0.000 0.000 0.000 0.000   
Black Crappie 0.000 0.000 0.000 0.000 0.000   
Bluegill 0.308 0.631 0.645 0.000 0.000   
Brook Stickleback 0.000 0.000 0.000 0.000 0.000   
Channel Catfish 44.615 18.308 49.032 42.827 46.950   
Common Carp 2.154 0.000 0.323 1.040 0.000   
Creek Chub 0.000 0.000 0.000 0.000 0.000   
Emerald Shiner 0.000 0.000 0.000 0.000 0.000   
Flathead Chub 0.615 73.359 44.194 44.075 42.175   
Fathead Minnow 1.538 0.126 0.000 0.208 0.000   
Freshwater Drum 0.000 0.000 0.000 0.000 0.531   
Gizzard Shad 0.000 0.000 0.000 0.000 0.000   
Goldeye 6.154 0.000 0.323 3.326 0.000   
Green Sunfish 0.000 0.379 0.000 0.000 0.000   
Johnny Darter 0.000 0.000 0.000 0.000 0.000   
Largemouth Bass 0.000 0.000 0.323 0.000 0.000   
Longnose Dace 0.000 0.000 0.000 0.000 0.000   
Northern Pike 0.000 0.000 0.000 0.000 0.000   
Orangespotted Sunfish 0.000 0.000 0.000 0.000 0.000   
Plains Killifish 0.000 0.000 0.000 0.000 0.000   
Plains Minnow 0.000 1.263 3.871 0.000 0.000   
Plains Topminnow 0.000 0.000 0.000 0.000 0.000   
River Carpsucker 1.231 1.010 0.000 0.416 0.000   
Red Shiner 22.154 2.525 0.323 0.416 0.000   
Rock Bass 0.000 0.000 0.000 0.000 0.000   
Sauger 0.000 0.000 0.000 0.000 0.000   
Sand Shiner 2.154 0.126 0.000 1.247 0.000   
Silverband Shiner 0.000 0.000 0.000 0.000 0.265   
Shorthead Redhorse 0.615 0.000 0.000 0.000 0.000   
Smallmouth Bass 0.000 0.000 0.000 0.000 0.000   
Shortnose Gar 0.000 0.000 0.000 0.000 0.265   
Shovelnose Sturgeon 0.000 0.000 0.000 0.208 0.000   
Sturgeon Chub 0.000 1.894 0.000 0.624 0.000   
Stonecat 5.846 0.000 0.645 0.000 0.000   
Walleye 0.000 0.000 0.000 0.000 0.000   
White Bass 0.000 0.000 0.000 0.000 0.000   
White Crappie 0.000 0.000 0.000 0.000 0.000   
White Sucker 0.615 0.000 0.000 0.000 0.000   
Western Silvery Minnow 0.000 0.379 0.323 5.613 9.814   
Yellow Perch 0.000 0.000 0.000 0.000 0.000   
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Table 1-6. Species percent composition for each mainstem river, collected using seines. 
  Seining 
Species Grand Moreau Cheyenne Bad White 
Black Bullhead 0.000 0.183 0.000 0.060 0.541 
Black Crappie 2.113 1.513 0.000 0.015 0.000 
Bluegill 0.000 0.316 0.121 0.060 0.379 
Channel Catfish 9.403 4.573 7.998 5.501 25.311 
Common Carp 0.475 0.133 0.402 0.283 0.162 
Creek Chub 0.053 0.000 0.000 0.000 0.000 
Emerald Shiner 9.667 3.575 0.563 0.000 0.000 
Flathead Chub 19.599 12.288 41.238 0.119 59.005 
Fathead Minnow 2.641 2.162 3.055 3.056 0.379 
Freshwater Drum 0.951 0.299 0.000 0.015 0.108 
Gizzard Shad 0.000 0.000 0.080 0.760 0.000 
Goldeye 0.370 0.682 0.161 0.015 1.028 
Green Sunfish 0.792 1.812 0.040 0.552 0.162 
Johnny Darter 3.487 0.033 0.000 0.000 0.000 
Largemouth Bass 0.000 0.083 0.121 0.000 0.054 
Longnose Dace 0.264 1.530 2.010 0.000 0.000 
Northern Pike 0.106 0.017 0.000 0.000 0.000 
Orangespotted Sunfish 0.000 0.000 0.000 2.758 0.000 
Plains Killifish 0.000 0.000 0.201 0.000 0.000 
Plains Minnow 4.754 10.925 15.233 0.626 1.190 
Plains Topminnow 0.000 0.000 0.121 0.000 0.000 
River Carpsucker 4.120 3.043 9.285 14.058 0.487 
Red Shiner 0.000 0.000 5.587 56.589 4.976 
Sauger 0.000 0.000 0.000 0.015 0.000 
Sand Shiner 26.994 17.559 4.019 13.864 0.757 
Silverband Shiner 0.000 0.000 0.000 0.000 0.054 
Shorthead Redhorse 1.109 0.050 1.407 0.075 0.054 
Smallmouth Bass 0.423 0.000 0.523 0.000 0.000 
Shortnose Gar 0.000 0.017 0.080 0.000 0.000 
Sturgeon Chub 0.000 0.000 0.281 0.000 0.973 
Stonecat 0.211 0.698 0.442 0.000 0.649 
Walleye 0.211 0.017 0.121 0.089 0.000 
White Bass 0.898 0.532 0.161 0.000 0.000 
White Crappie 0.053 0.000 0.000 0.000 0.000 
White Sucker 9.667 0.233 0.161 1.252 0.054 
Western Silvery Minnow 1.638 37.729 6.592 0.030 3.678 
Yellow Perch 0.000 0.000 0.000 0.209 0.000 
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Table 1-7. Species percent composition for each site collected using seines 
  Grand River     
 G1 G2 G3 G4    
Black Bullhead 0.000 0.000 0.000 0.000    
Black Crappie 0.000 0.837 0.291 5.233    
Bluegill 0.000 0.000 0.000 0.000    
Brook Stickleback 0.000 0.000 0.000 0.000    
Channel Catfish 0.000 2.510 14.535 10.465    
Common Carp 1.799 0.837 0.000 0.291    
Creek Chub 0.000 0.000 0.000 0.145    
Emerald Shiner 0.360 1.674 2.907 22.965    
Flathead Chub 0.000 2.510 26.453 26.599    
Fathead Minnow 0.000 6.276 4.506 0.581    
Freshwater Drum 0.000 0.000 0.000 2.616    
Gizzard Shad 0.000 0.000 0.000 0.000    
Goldeye 0.360 0.837 0.581 0.000    
Green Sunfish 0.000 4.184 0.727 0.000    
Johnny Darter 23.741 0.000 0.000 0.000    
Largemouth Bass 0.000 0.000 0.000 0.000    
Longnose Dace 0.000 0.000 0.727 0.000    
Northern Pike 0.719 0.000 0.000 0.000    
Orangespotted Sunfish 0.000 0.000 0.000 0.000    
Plains Killifish 0.000 0.000 0.000 0.000    
Plains Minnow 0.000 5.439 11.192 0.000    
Plains Topminnow 0.000 0.000 0.000 0.000    
River Carpsucker 0.719 0.000 3.634 7.413    
Red Shiner 0.000 0.000 0.000 0.000    
Rock Bass 0.000 0.000 0.000 0.000    
Sauger 0.000 0.000 0.000 0.000    
Sand Shiner 3.957 72.385 29.070 18.459    
Silverband Shiner 0.000 0.000 0.000 0.000    
Shorthead Redhorse 0.719 1.674 0.581 1.599    
Smallmouth Bass 2.878 0.000 0.000 0.000    
Shortnose Gar 0.000 0.000 0.000 0.000    
Shovelnose Sturgeon 0.000 0.000 0.000 0.000    
Sturgeon Chub 0.000 0.000 0.000 0.000    
Stonecat 0.000 0.418 0.436 0.000    
Walleye 0.360 0.000 0.291 0.145    
White Bass 0.000 0.000 0.000 2.471    
White Crappie 0.000 0.000 0.000 0.145    
White Sucker 64.388 0.000 0.436 0.145    
Western Silvery Minnow 0.000 0.418 3.634 0.727    
Yellow Perch 0.000 0.000 0.000 0.000    
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Table 1-7. Continued 
 Moreau River 
 M1 M2 M3 M4 M5 M6 
Black Bullhead 0.000 0.158 0.298 0.806 0.000 0.000 
Black Crappie 0.000 0.000 0.000 0.000 0.000 3.430 
Bluegill 0.000 2.690 0.000 0.230 0.000 0.000 
Brook Stickleback 0.000 0.000 0.000 0.000 0.000 0.000 
Channel Catfish 10.307 3.639 2.286 5.991 21.554 1.658 
Common Carp 0.000 0.000 0.000 0.115 0.251 0.226 
Creek Chub 0.000 0.000 0.000 0.000 0.000 0.000 
Emerald Shiner 0.000 0.000 0.000 0.000 0.251 8.066 
Flathead Chub 22.368 14.873 14.414 34.101 25.063 0.075 
Fathead Minnow 1.096 7.120 2.187 0.230 8.521 0.829 
Freshwater Drum 0.000 0.000 0.000 0.000 0.000 0.678 
Gizzard Shad 0.000 0.000 0.000 0.000 0.000 0.000 
Goldeye 0.219 0.000 0.099 0.000 2.256 1.131 
Green Sunfish 4.605 6.171 0.099 3.456 4.261 0.038 
Johnny Darter 0.000 0.000 0.000 0.000 0.501 0.000 
Largemouth Bass 0.000 0.000 0.000 0.346 0.501 0.000 
Longnose Dace 3.070 6.804 1.093 1.382 1.253 0.264 
Northern Pike 0.000 0.000 0.000 0.115 0.000 0.000 
Orangespotted Sunfish 0.000 0.000 0.000 0.000 0.000 0.000 
Plains Killifish 0.000 0.000 0.000 0.000 0.000 0.000 
Plains Minnow 5.921 7.911 29.026 3.456 1.253 9.536 
Plains Topminnow 0.000 0.000 0.000 0.000 0.000 0.000 
River Carpsucker 0.658 0.158 0.596 0.346 0.251 6.370 
Red Shiner 0.000 0.000 0.000 0.000 0.000 0.000 
Rock Bass 0.000 0.000 0.000 0.000 0.000 0.000 
Sauger 0.000 0.000 0.000 0.000 0.000 0.000 
Sand Shiner 40.351 45.253 23.559 27.304 27.318 0.113 
Silverband Shiner 0.000 0.000 0.000 0.000 0.000 0.000 
Shorthead Redhorse 0.439 0.000 0.000 0.000 0.000 0.038 
Smallmouth Bass 0.000 0.000 0.000 0.000 0.000 0.000 
Shortnose Gar 0.000 0.000 0.000 0.000 0.000 0.038 
Shovelnose Sturgeon 0.000 0.000 0.000 0.000 0.000 0.000 
Sturgeon Chub 0.000 0.000 0.000 0.000 0.000 0.000 
Stonecat 0.658 0.158 0.099 4.032 0.251 0.038 
Walleye 0.000 0.000 0.000 0.000 0.000 0.038 
White Bass 0.000 0.000 0.000 0.000 0.000 1.206 
White Crappie 0.000 0.000 0.000 0.000 0.000 0.000 
White Sucker 1.316 0.475 0.000 0.461 0.000 0.038 
Western Silvery Minnow 8.991 4.589 26.243 17.627 6.516 66.189 
Yellow Perch 0.000 0.000 0.000 0.000 0.000 0.000 
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Table 1-7. Continued 
 Cheyenne River   
 C1 C2 C3 C4 C5   
Black Bullhead 0.000 0.000 0.000 0.000 0.000   
Black Crappie 0.000 0.000 0.000 0.000 0.000   
Bluegill 0.968 0.000 0.000 0.000 0.000   
Brook Stickleback 0.000 0.000 0.000 0.000 0.000   
Channel Catfish 16.129 3.249 1.598 1.449 28.226   
Common Carp 2.258 0.314 0.000 0.000 0.000   
Creek Chub 0.000 0.000 0.000 0.000 0.000   
Emerald Shiner 0.645 0.000 0.457 1.691 0.806   
Flathead Chub 0.323 37.107 50.457 67.874 45.430   
Fathead Minnow 0.323 7.233 0.000 0.000 1.613   
Freshwater Drum 0.000 0.000 0.000 0.000 0.000   
Gizzard Shad 0.000 0.000 0.000 0.000 0.538   
Goldeye 0.323 0.000 0.000 0.725 0.000   
Green Sunfish 0.000 0.000 0.000 0.000 0.269   
Johnny Darter 0.000 0.000 0.000 0.000 0.000   
Largemouth Bass 0.968 0.000 0.000 0.000 0.000   
Longnose Dace 0.000 2.201 0.913 2.415 4.032   
Northern Pike 0.000 0.000 0.000 0.000 0.000   
Orangespotted Sunfish 0.000 0.000 0.000 0.000 0.000   
Plains Killifish 0.000 0.000 0.685 0.483 0.000   
Plains Minnow 0.000 34.172 0.000 7.729 5.645   
Plains Topminnow 0.968 0.000 0.000 0.000 0.000   
River Carpsucker 3.548 0.105 44.292 3.382 2.957   
Red Shiner 37.097 1.153 0.913 1.691 0.538   
Rock Bass 0.000 0.000 0.000 0.000 0.000   
Sauger 0.000 0.000 0.000 0.000 0.000   
Sand Shiner 22.581 1.258 0.000 1.691 2.957   
Silverband Shiner 0.000 0.000 0.000 0.000 0.000   
Shorthead Redhorse 8.387 0.314 0.457 0.242 0.806   
Smallmouth Bass 4.194 0.000 0.000 0.000 0.000   
Shortnose Gar 0.000 0.000 0.000 0.242 0.269   
Shovelnose Sturgeon 0.000 0.000 0.000 0.000 0.000   
Sturgeon Chub 0.000 0.000 0.000 0.725 1.075   
Stonecat 0.000 0.000 0.228 0.966 1.613   
Walleye 0.968 0.000 0.000 0.000 0.000   
White Bass 0.000 0.000 0.000 0.000 1.075   
White Crappie 0.000 0.000 0.000 0.000 0.000   
White Sucker 0.323 0.210 0.000 0.000 0.269   
Western Silvery Minnow 0.000 12.683 0.000 8.696 1.882   
Yellow Perch 0.000 0.000 0.000 0.000 0.000   
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Table 1-7. Continued 
 Bad River    
 B1 B2 B3 B4    
Black Bullhead 0.292 0.000 0.042 0.000    
Black Crappie 0.000 0.062 0.000 0.000    
Bluegill 0.000 0.250 0.000 0.000    
Brook Stickleback 0.000 0.000 0.000 0.000    
Channel Catfish 1.167 2.249 2.596 15.316    
Common Carp 0.875 0.187 0.000 0.414    
Creek Chub 0.000 0.000 0.000 0.000    
Emerald Shiner 0.000 0.000 0.000 0.000    
Flathead Chub 0.000 0.000 0.042 0.414    
Fathead Minnow 8.366 3.435 1.466 1.715    
Freshwater Drum 0.000 0.000 0.000 0.059    
Gizzard Shad 0.000 0.000 0.000 3.016    
Goldeye 0.000 0.062 0.000 0.000    
Green Sunfish 2.140 0.437 0.335 0.000    
Johnny Darter 0.000 0.000 0.000 0.000    
Largemouth Bass 0.000 0.000 0.000 0.000    
Longnose Dace 0.000 0.000 0.000 0.000    
Northern Pike 0.000 0.000 0.000 0.000    
Orangespotted Sunfish 0.292 2.686 5.779 0.059    
Plains Killifish 0.000 0.000 0.000 0.000    
Plains Minnow 0.000 0.000 1.759 0.000    
Plains Topminnow 0.000 0.000 0.000 0.000    
River Carpsucker 0.097 0.187 0.461 54.879    
Red Shiner 29.572 88.132 83.668 4.908    
Rock Bass 0.000 0.000 0.000 0.000    
Sauger 0.000 0.000 0.000 0.059    
Sand Shiner 50.584 2.124 3.601 17.150    
Silverband Shiner 0.000 0.000 0.000 0.000    
Shorthead Redhorse 0.000 0.000 0.168 0.059    
Smallmouth Bass 0.000 0.000 0.000 0.000    
Shortnose Gar 0.000 0.000 0.000 0.000    
Shovelnose Sturgeon 0.000 0.000 0.000 0.000    
Sturgeon Chub 0.000 0.000 0.000 0.000    
Stonecat 0.000 0.000 0.000 0.000    
Walleye 0.000 0.000 0.000 0.355    
White Bass 0.000 0.000 0.000 0.000    
White Crappie 0.000 0.000 0.000 0.000    
White Sucker 6.615 0.187 0.000 0.769    
Western Silvery Minnow 0.000 0.000 0.084 0.000    
Yellow Perch 0.000 0.000 0.000 0.828    
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Table 1-7. Continued 
 White River   
 W1 W2 W3 W4 W5   
Black Bullhead 6.536 0.000 0.000 0.000 0.000   
Black Crappie 0.000 0.000 0.000 0.000 0.000   
Bluegill 0.000 0.631 0.905 0.000 0.000   
Brook Stickleback 0.000 0.000 0.000 0.000 0.000   
Channel Catfish 25.490 18.308 28.959 29.032 36.013   
Common Carp 1.961 0.000 0.000 0.000 0.000   
Creek Chub 0.000 0.000 0.000 0.000 0.000   
Emerald Shiner 0.000 0.000 0.000 0.000 0.000   
Flathead Chub 1.307 73.359 61.991 56.989 51.125   
Fathead Minnow 3.268 0.126 0.000 0.269 0.000   
Freshwater Drum 0.000 0.000 0.000 0.000 0.643   
Gizzard Shad 0.000 0.000 0.000 0.000 0.000   
Goldeye 3.922 0.000 0.452 3.226 0.000   
Green Sunfish 0.000 0.379 0.000 0.000 0.000   
Johnny Darter 0.000 0.000 0.000 0.000 0.000   
Largemouth Bass 0.000 0.000 0.452 0.000 0.000   
Longnose Dace 0.000 0.000 0.000 0.000 0.000   
Northern Pike 0.000 0.000 0.000 0.000 0.000   
Orangespotted Sunfish 0.000 0.000 0.000 0.000 0.000   
Plains Killifish 0.000 0.000 0.000 0.000 0.000   
Plains Minnow 0.000 1.263 5.430 0.000 0.000   
Plains Topminnow 0.000 0.000 0.000 0.000 0.000   
River Carpsucker 0.000 1.010 0.000 0.269 0.000   
Red Shiner 45.098 2.525 0.452 0.538 0.000   
Rock Bass 0.000 0.000 0.000 0.000 0.000   
Sauger 0.000 0.000 0.000 0.000 0.000   
Sand Shiner 4.575 0.126 0.000 1.613 0.000   
Silverband Shiner 0.000 0.000 0.000 0.000 0.322   
Shorthead Redhorse 0.654 0.000 0.000 0.000 0.000   
Smallmouth Bass 0.000 0.000 0.000 0.000 0.000   
Shortnose Gar 0.000 0.000 0.000 0.000 0.000   
Shovelnose Sturgeon 0.000 0.000 0.000 0.000 0.000   
Sturgeon Chub 0.000 1.894 0.000 0.806 0.000   
Stonecat 6.536 0.000 0.905 0.000 0.000   
Walleye 0.000 0.000 0.000 0.000 0.000   
White Bass 0.000 0.000 0.000 0.000 0.000   
White Crappie 0.000 0.000 0.000 0.000 0.000   
White Sucker 0.654 0.000 0.000 0.000 0.000   
Western Silvery Minnow 0.000 0.379 0.452 7.258 11.897   
Yellow Perch 0.000 0.000 0.000 0.000 0.000   
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Table 1-8. Species richness sampled using seines and all gears for each site (tributary sites 
denoted by a "T") 
Watershed Site Seining All gears 
Grand  
G1 11 14 
G2 13 14 
G3 16 17 
G4 16 21 
GT1 11 11 
GT2 9 9 
GT3 9 9 
GT4 8 8 
GT5 6 8 
GT6 5 5 
GT7 15 15 
Moreau  
M1 13 13 
M2 13 13 
M3 12 15 
M4 16 18 
M5 15 20 
M6 20 20 
MT1 8 8 
MT2 8 9 
MT3 5 5 
MT4 5 6 
Cheyenne 
C1 16 19 
C2 12 13 
C3 9 13 
C4 15 17 
C5 18 21 
CT1 15 15 
CT2 5 6 
CT3 18 19 
CT4 11 11 
Bad 
B1 10 12 
B2 12 16 
B3 12 15 
B4 15 18 
BT1 14 14 
BT2 5 5 
BT3 5 8 
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Table 1-8. Continued    
White 
W1 11 13 
W2 11 11 
W3 9 10 
W4 9 11 
W5 5 6 
WT1 2 2 
WT2 5 5 
WT3 3 3 
WT4 10 11 
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Table 1-9. Total species richness for mainstem and tributary sites for each watershed 
  
Mainstem 
Seining 
Mainstem all 
Gears 
Tributaries 
reach only 
Tributaries 
seining and 
depletion 
Watershed 
total 
Grand 24 28 24 24 33 
Moreau 25 25 14 14 28 
Cheyenne 26 31 21 21 34 
Bad 22 22 16 18 26 
White 20 22 11 12 24 
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Table 1-10. Shannon's H and Simpson's D for mainstem (seining) and tributary sites (only 
reach wide samples, no depletion, indicated by “T”)  
Watershed Site Shannon's H Simpson's D 
Grand 
G1 1.09 0.53 
G2 1.19 0.47 
G3 1.93 0.81 
G4 1.96 0.82 
GT1 1.76 0.77 
GT2 1.33 0.62 
GT3 1.71 0.75 
GT4 1.49 0.68 
GT5 1.32 0.68 
GT6 0.70 0.34 
GT7 1.98 0.83 
Moreau 
M1 1.78 0.76 
M2 1.80 0.75 
M3 1.62 0.77 
M4 1.76 0.77 
M5 1.86 0.80 
M6 1.30 0.54 
MT1 1.30 0.60 
MT2 1.46 0.70 
MT3 1.15 0.65 
MT4 0.68 0.34 
Cheyenne 
C1 1.83 0.77 
C2 1.54 0.72 
C3 0.95 0.55 
C4 1.32 0.52 
C5 1.70 0.71 
CT1 1.72 0.70 
CT2 0.95 0.55 
CT3 1.88 0.79 
CT4 0.78 0.38 
Bad 
B1 1.31 0.64 
B2 0.57 0.22 
B3 0.76 0.30 
B4 1.40 0.64 
BT1 1.54 0.72 
BT2 0.93 0.53 
BT3 0.82 0.52 
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Table 1-10. Continued    
White 
W1 1.64 0.72 
W2 0.90 0.43 
W3 1.00 0.53 
W4 1.15 0.58 
W5 1.01 0.59 
WT1 0.52 0.34 
WT2 1.34 0.69 
WT3 1.02 0.62 
WT4 1.24 0.66 
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Table 1-11. Bray-curtis (upper-diagonal) and Sorensen (lower-diagonal) dissimilarity comparisons of all mainstem sites for fish 
collected using seines 
 B1 B2 B3 B4 C1 C2 C3 C4 C5 G1 G2 G3 
B1 0 0.18 0.27 0.36 0.46 0.36 0.68 0.68 0.50 0.62 0.57 0.54 
B2 0.58 0 0.42 0.41 0.36 0.42 0.71 0.63 0.53 0.57 0.44 0.43 
B3 0.60 0.08 0 0.41 0.50 0.25 0.52 0.41 0.33 0.74 0.36 0.36 
B4 0.79 0.88 0.87 0 0.35 0.33 0.58 0.60 0.45 0.54 0.57 0.48 
C1 0.90 0.86 0.87 0.85 0 0.36 0.52 0.48 0.47 0.33 0.45 0.38 
C2 0.93 0.91 0.92 0.93 0.89 0 0.43 0.33 0.27 0.57 0.36 0.29 
C3 0.99 0.99 0.98 0.81 0.93 0.66 0 0.25 0.41 0.70 0.55 0.44 
C4 0.99 0.98 0.95 0.97 0.90 0.50 0.37 0 0.21 0.62 0.36 0.29 
C5 0.97 0.94 0.91 0.88 0.79 0.62 0.53 0.36 0 0.66 0.35 0.24 
G1 0.87 0.98 0.98 0.96 0.87 0.97 0.99 0.97 0.95 0 0.58 0.48 
G2 0.87 0.93 0.90 0.82 0.72 0.91 0.95 0.87 0.83 0.93 0 0.17 
G3 0.89 0.90 0.84 0.80 0.71 0.65 0.67 0.51 0.38 0.94 0.46 0 
G4 0.90 0.93 0.89 0.79 0.78 0.71 0.56 0.58 0.48 0.95 0.66 0.40 
M1 0.87 0.92 0.88 0.81 0.72 0.70 0.76 0.55 0.50 0.93 0.36 0.24 
M2 0.82 0.91 0.87 0.76 0.81 0.70 0.82 0.66 0.64 0.96 0.40 0.35 
M3 0.88 0.94 0.89 0.83 0.86 0.42 0.79 0.65 0.67 0.97 0.57 0.42 
M4 0.82 0.93 0.88 0.76 0.86 0.43 0.66 0.50 0.57 0.96 0.66 0.49 
M5 0.89 0.89 0.86 0.81 0.70 0.71 0.75 0.62 0.44 0.94 0.51 0.24 
M6 0.97 0.97 0.95 0.90 0.96 0.75 0.88 0.93 0.92 0.99 0.96 0.88 
W1 0.90 0.85 0.87 0.84 0.40 0.89 0.95 0.90 0.71 0.94 0.86 0.75 
W2 0.97 0.95 0.93 0.89 0.86 0.46 0.52 0.41 0.39 0.99 0.94 0.61 
W3 0.98 0.96 0.94 0.92 0.84 0.67 0.53 0.42 0.19 1.00 0.89 0.43 
W4 0.97 0.95 0.95 0.88 0.86 0.56 0.45 0.26 0.27 0.98 0.93 0.52 
W5 0.98 0.96 0.95 0.89 0.87 0.66 0.58 0.43 0.21 1.00 0.95 0.47 
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Table 1-11. Continued 
  G4 M1 M2 M3 M4 M5 M6 W1 W2 W3 W4 W5 
B1 0.54 0.48 0.39 0.45 0.38 0.52 0.53 0.33 0.43 0.79 0.47 0.87 
B2 0.50 0.44 0.44 0.50 0.43 0.48 0.44 0.39 0.39 0.62 0.43 0.88 
B3 0.50 0.28 0.28 0.25 0.36 0.41 0.44 0.39 0.22 0.52 0.33 0.65 
B4 0.35 0.50 0.57 0.63 0.55 0.60 0.43 0.38 0.54 0.75 0.50 0.70 
C1 0.38 0.45 0.52 0.57 0.44 0.42 0.39 0.33 0.48 0.52 0.44 0.81 
C2 0.36 0.20 0.28 0.33 0.29 0.33 0.31 0.30 0.30 0.52 0.33 0.65 
C3 0.60 0.45 0.55 0.52 0.60 0.50 0.52 0.50 0.60 0.56 0.56 0.71 
C4 0.55 0.29 0.43 0.33 0.48 0.33 0.31 0.46 0.38 0.42 0.33 0.70 
C5 0.41 0.23 0.29 0.33 0.35 0.33 0.21 0.45 0.31 0.56 0.41 0.74 
G1 0.48 0.58 0.75 0.74 0.63 0.54 0.48 0.55 0.82 0.90 0.70 1.00 
G2 0.38 0.23 0.38 0.28 0.38 0.21 0.21 0.33 0.42 0.45 0.45 0.67 
G3 0.31 0.10 0.24 0.21 0.31 0.23 0.11 0.41 0.41 0.52 0.44 0.71 
G4 0 0.45 0.52 0.57 0.50 0.48 0.22 0.48 0.56 0.76 0.52 0.62 
M1 0.51 0 0.15 0.12 0.24 0.21 0.21 0.33 0.33 0.45 0.36 0.67 
M2 0.61 0.25 0 0.12 0.10 0.29 0.33 0.42 0.25 0.45 0.45 0.67 
M3 0.63 0.41 0.43 0 0.21 0.19 0.31 0.39 0.30 0.43 0.33 0.65 
M4 0.54 0.45 0.43 0.39 0 0.23 0.33 0.41 0.33 0.44 0.52 0.71 
M5 0.49 0.25 0.37 0.54 0.55 0 0.26 0.46 0.38 0.42 0.42 0.70 
M6 0.78 0.91 0.92 0.70 0.84 0.92 0 0.42 0.48 0.59 0.52 0.68 
W1 0.84 0.79 0.89 0.92 0.85 0.71 0.95 0 0.55 0.50 0.40 0.75 
W2 0.58 0.71 0.80 0.79 0.47 0.62 0.96 0.82 0 0.40 0.20 0.63 
W3 0.53 0.55 0.71 0.72 0.62 0.44 0.96 0.74 0.42 0 0.44 0.57 
W4 0.51 0.59 0.73 0.72 0.52 0.47 0.94 0.76 0.29 0.31 0 0.57 
W5 0.54 0.53 0.71 0.69 0.61 0.42 0.94 0.78 0.41 0.18 0.19 0 
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Table 1-12. Jaccard's pairwise dissimilarity comparison of all mainstem sites for fish collected using seines   
  B4 B2 B3 B1 C3 C5 C4 C2 C1 G1 G3 G4 G2 
B4 0 0.58 0.58 0.53 0.74 0.63 0.75 0.50 0.52 0.70 0.65 0.52 0.73 
B2 0.58 0 0.59 0.31 0.83 0.70 0.77 0.59 0.53 0.72 0.60 0.67 0.61 
B3 0.58 0.59 0 0.43 0.69 0.50 0.58 0.40 0.67 0.85 0.53 0.67 0.53 
B1 0.53 0.31 0.43 0 0.81 0.67 0.81 0.53 0.63 0.76 0.70 0.70 0.72 
C3 0.74 0.83 0.69 0.81 0 0.58 0.40 0.60 0.68 0.82 0.61 0.75 0.71 
C5 0.63 0.70 0.50 0.67 0.58 0 0.35 0.42 0.64 0.79 0.38 0.58 0.52 
C4 0.75 0.77 0.58 0.81 0.40 0.35 0 0.50 0.65 0.76 0.45 0.71 0.53 
C2 0.50 0.59 0.40 0.53 0.60 0.42 0.50 0 0.53 0.72 0.44 0.53 0.53 
C1 0.52 0.53 0.67 0.63 0.68 0.64 0.65 0.53 0 0.50 0.55 0.55 0.62 
G1 0.70 0.72 0.85 0.76 0.82 0.79 0.76 0.72 0.50 0 0.65 0.65 0.74 
G3 0.65 0.60 0.53 0.70 0.61 0.38 0.45 0.44 0.55 0.65 0 0.48 0.29 
G4 0.52 0.67 0.67 0.70 0.75 0.58 0.71 0.53 0.55 0.65 0.48 0 0.55 
G2 0.73 0.61 0.53 0.72 0.71 0.52 0.53 0.53 0.62 0.74 0.29 0.55 0 
M3 0.77 0.67 0.40 0.63 0.69 0.50 0.50 0.50 0.73 0.85 0.35 0.73 0.44 
M2 0.73 0.61 0.44 0.56 0.71 0.45 0.60 0.44 0.68 0.86 0.39 0.68 0.56 
M6 0.60 0.61 0.61 0.70 0.68 0.35 0.48 0.48 0.56 0.65 0.20 0.36 0.35 
M5 0.75 0.65 0.58 0.68 0.67 0.50 0.50 0.50 0.59 0.70 0.37 0.65 0.35 
M4 0.71 0.60 0.53 0.56 0.75 0.52 0.65 0.44 0.61 0.77 0.48 0.67 0.55 
M1 0.67 0.61 0.44 0.65 0.63 0.37 0.44 0.33 0.62 0.74 0.19 0.62 0.38 
W5 0.82 0.94 0.79 0.93 0.83 0.85 0.82 0.79 0.89 1.00 0.83 0.76 0.80 
W2 0.70 0.56 0.36 0.60 0.75 0.47 0.56 0.47 0.65 0.90 0.58 0.71 0.59 
W4 0.67 0.60 0.50 0.64 0.71 0.58 0.50 0.50 0.61 0.82 0.61 0.68 0.63 
W1 0.56 0.56 0.56 0.50 0.67 0.62 0.63 0.47 0.50 0.71 0.58 0.65 0.50 
W3 0.86 0.76 0.69 0.88 0.71 0.71 0.59 0.69 0.68 0.95 0.68 0.86 0.63 
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Table 1-12. Continued 
  M3 M2 M6 M5 M4 M1 W5 W2 W4 W1 W3 
B4 0.77 0.73 0.60 0.75 0.71 0.67 0.82 0.70 0.67 0.56 0.86 
B2 0.67 0.61 0.61 0.65 0.60 0.61 0.94 0.56 0.60 0.56 0.76 
B3 0.40 0.44 0.61 0.58 0.53 0.44 0.79 0.36 0.50 0.56 0.69 
B1 0.63 0.56 0.70 0.68 0.56 0.65 0.93 0.60 0.64 0.50 0.88 
C3 0.69 0.71 0.68 0.67 0.75 0.63 0.83 0.75 0.71 0.67 0.71 
C5 0.50 0.45 0.35 0.50 0.52 0.37 0.85 0.47 0.58 0.62 0.71 
C4 0.50 0.60 0.48 0.50 0.65 0.44 0.82 0.56 0.50 0.63 0.59 
C2 0.50 0.44 0.48 0.50 0.44 0.33 0.79 0.47 0.50 0.47 0.69 
C1 0.73 0.68 0.56 0.59 0.61 0.62 0.89 0.65 0.61 0.50 0.68 
G1 0.85 0.86 0.65 0.70 0.77 0.74 1.00 0.90 0.82 0.71 0.95 
G3 0.35 0.39 0.20 0.37 0.48 0.19 0.83 0.58 0.61 0.58 0.68 
G4 0.73 0.68 0.36 0.65 0.67 0.62 0.76 0.71 0.68 0.65 0.86 
G2 0.44 0.56 0.35 0.35 0.55 0.38 0.80 0.59 0.63 0.50 0.63 
M3 0 0.21 0.48 0.31 0.35 0.21 0.79 0.47 0.50 0.56 0.60 
M2 0.21 0 0.50 0.44 0.19 0.27 0.80 0.40 0.63 0.59 0.63 
M6 0.48 0.50 0 0.41 0.50 0.35 0.81 0.65 0.68 0.59 0.74 
M5 0.31 0.44 0.41 0 0.37 0.35 0.82 0.56 0.59 0.63 0.59 
M4 0.35 0.19 0.50 0.37 0 0.39 0.83 0.50 0.68 0.58 0.61 
M1 0.21 0.27 0.35 0.35 0.39 0 0.80 0.50 0.53 0.50 0.63 
W5 0.79 0.80 0.81 0.82 0.83 0.80 0 0.77 0.73 0.86 0.73 
W2 0.47 0.40 0.65 0.56 0.50 0.50 0.77 0 0.33 0.71 0.57 
W4 0.50 0.63 0.68 0.59 0.68 0.53 0.73 0.33 0 0.57 0.62 
W1 0.56 0.59 0.59 0.63 0.58 0.50 0.86 0.71 0.57 0 0.67 
W3 0.60 0.63 0.74 0.59 0.61 0.63 0.73 0.57 0.62 0.67 0 
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Table 1-13. Jaccard's (upper diagonal) and Sorensen’s (lower diagonal) pairwise dissimilarity 
comparison of each river basin 
 Bad Cheyenne Grand Moreau White 
Bad 0 0.39 0.44 0.38 0.37 
Cheyenne 0.25 0 0.36 0.30 0.39 
Grand 0.28 0.22 0 0.29 0.53 
Moreau 0.23 0.18 0.17 0 0.38 
White 0.23 0.25 0.36 0.23 0 
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Table 1-14. Bray-Curtis pairwise dissimilarity comparison of each river basin        
  Bad Cheyenne Grand Moreau White 
Bad 0 - - - - 
Cheyenne 0.70 0 - - - 
Grand 0.68 0.49 0 - - 
Moreau 0.70 0.51 0.45 0 - 
White 0.82 0.34 0.56 0.71 0 
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Table 1-15. Species presence absence from the pre-1990, 1990-2005, and 2006-2016 sampling periods sensu Bailey and Allum (1962), 
Hoagstrom 2006, the South Dakota State University distribution database, and this study. N = Native species, 1 = In-state nonnatives, 2 
= Out-of-state nonnatives, * = Native to the Missouri River but not previously recorded in tributary (see table appendix)  
  Pre - 1990     1990 - 2005     2006 - 2016 
Species 
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Bigmouth Shiner - - - - N     - - - - N     - - - 1 N 
Black Bullhead N N N N N     N N N N N     N N N N N 
Black Crappie - - - - -     1 1 1 1 1     1 1 - 1 - 
Blacknose Shiner - - - - N     - - - - -     - - - - - 
Bluegill - - - - -     1 1 1 1 1     1 1 1 1 1 
Bluntnose Minnow 1 - - - -     - - - - -     1 - 1 - - 
Brassy Minnow N N N - N     N N N - N     N N N 1 N 
Brook stickleback - N N - N     - N N - N     1 - N 1 N 
Burbot - - N - -     - - - - -     - - - - - 
Central stoneroller - - - - N     - - - - N     - - - - N 
Channel catfish N N N N N     N N N N N     N N N N N 
Common carp - - - - -     2 2 2 2 2     2 2 2 2 2 
Common Shiner - - - - -     - - - - -     - - - 1 - 
Creek chub N N N - N     N N N - N     N N N 1 N 
Emerald Shiner N N N N N     N N N N N     N N N N N 
Fathead Minnow N N N N N     N N N N N     N N N N N 
Finescale Dace - - N - N     - - N - N     - - - - - 
Flathead Catfish - - - - N     - - - - -     - - - - - 
Flathead Chub N N N N N     N N N N N     N N N N N 
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Table 1-15 Continued                                                                         
  Pre - 1990     1990 - 2005     2006 - 2016 
Species 
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Gizzard shad - - - - N     1 - 1 - -     - - 1 1 - 
Golden Shiner N N N N N     N N N N N     N N N N N 
Goldeye N N N N N     N N N N N     N N N N N 
Green Sunfish - - - - N     1 1 1 1 N     1 1 1 1 N 
Iowa Darter N N N - N     N N N - N     N N - - N 
Johnny Darter - - - - -     1 1 - - -     1 1 - - - 
Largemouth Bass - - - - -     1 1 1 1 1     - 1 1 1 1 
Longnose Dace N N N N N     N N N - N     N N N N N 
Longnose Sucker - - N - -     - - N - -     - - N - - 
Northern Pike - - - - -     1 1 1 1 1     1 1 1 1 1 
Northern plains killifish - - N - -     - - N - -     - - N - - 
Northern Redbelly Dace N - - - N     N - - - N     N - - - - 
Orangespotted sunfish N - N N -     N - N N -     N 1 N N 1 
Paddlefish - - - - *     - - - - -     - - - - N 
Pallid Sturgeon - - - - *     - - - - -     - - - - * 
Pearl Dace - - - - N     - - - - N     - - - - N 
Plains Minnow N N N N N     N N N N N     N N N N N 
Plains Sand Shiner N N N N N     N N N N N     N N N N N 
Plains topminnow - - N - N     - - N - N     - - N - N 
Pumpkinseed 1 - - 1 -     - - - - 1     - - - 1 1 
Rainbow semlt - - - - -     - - 2 - -     - - - - - 
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Table 1-15 Continued                                       
  Pre - 1990     1990 - 2005     2006 - 2016 
Species 
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Red Shiner - - N N N     - - N N N     1 1 N N N 
River carpsucker N N N N N     N N N N N     N N N N N 
Sauger N N N N N     N N N N N     N N N N N 
Shorthead Redhorse N N N N N     N N N N N     N N N N N 
Shortnose gar - - - - -     - - - - -     1 1 1 1 1 
Shovelnose Sturgeon - - - - *     - - - - -     - - - - N 
Silverband Shiner - - - - *     - - - - -     - - - - N 
Smallmouth Bass - - - - -     1 1 1 1 -     1 1 1 - - 
Spottail Shiner - - - - -     1 - 1 - -     - - 1 1 - 
Stonecat N N N - N     N N N - N     N N N 1 N 
Sturgeon Chub N - N - N     - - N - N     - - N - N 
Walleye N N N N N     N N N N N     N N N N N 
Western Blanknose Dace - - - - N     - - - - -     - - - - - 
Western Silvery Minnow N N N N N     N N N - N     N N N N N 
White Bass - - - - -     1 1 1 - -     1 1 1 1 - 
White Crappie - - - - -     - - 1 - 1     1 - 1 1 - 
White Sucker N N N N N     N N N N N     N N N N N 
Yellow bullhead - - - - -     - - 1 - -     - - 1 - - 
Yellow perch - - - - -     1 1 1 1 1     1 1 1 1 1 
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Table 1-16. Watershed species richness for the three sampling periods assessed  
  Pre - 1990 1990 - 2005 2006 - 2016 
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Native 23 21 30 18 34 22 21 29 16 30 22 20 27 18 31 
In-state Nonnative 2 0 0 1 0 11 9 13 7 7 14 13 14 19 8 
Out-of-state 
Nonnative 0 0 0 0 0 1 1 2 1 1 1 1 1 1 1 
Total 25 21 30 19 34 34 31 44 24 38 37 34 42 38 40 
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Table 1-17. Species additions and losses for each river basin for the three sampling periods assessed during the historical comparison, 
the All river basin column lists species added or lost from the whole study area within the given sampling period  
Pre-1990 ~ 1990-2005 
Grand Moreau Cheyenne Bad White All river basins 
Additions = 12 Additions = 10 Additions = 14 Additions = 8 Additions = 8 Additions = 14 
Black Crappie Black Crappie Black Crappie Black Crappie Black Crappie Black Crappie 
Bluegill Bluegill Bluegill Bluegill Bluegill Bluegill 
Common Carp Common Carp Common Carp Common Carp Common Carp Common Carp 
Gizzard Shad Green Sunfish Gizzard Shad Green sunfish Largemouth Bass Johnny Darter 
Green Sunfish Johnny Darter Green Sunfish Largemouth Bass Northern Pike Largemouth Bass 
Johnny Darter 
Largemouth 
Bass 
Largemouth 
Bass Northern Pike Pumkinseed Northern Pike 
Largemouth Bass Northern Pike Northern Pike Smallmouth Bass White Crappie Rainbow Smelt 
Northern Pike 
Smallmouth 
Bass Rainbow Smelt Yellow Perch Yellow Perch Rock Bass 
Smallmouth Bass White Bass Rock Bass     Smallmouth Bass 
Spottail Shiner Yellow Perch 
Smallmouth 
Bass     Spottail Shiner 
White Bass   Spottail Shiner     White Bass 
Yellow Perch   White Bass     White Crappie 
    White Crappe     Yellow Bullhead 
    
Yellow 
Bullhead     Yellow Perch 
Losses = 2 Losses = 0 Losses = 1 Losses = 3 Losses = 4 Losses = 5 
Bluntnose 
Minnow   Burbot Longnose Dace Blacknose Shiner Blacknose Shiner 
Pumkinseed     Pumkinseed Flathead Catfish Bluntnose Minnow 
      
Western Silvery 
Minnow Gizzard Shad Burbot 
        
Western Blacknose 
Dace Flathead Catfish 
     
Western Blacknose 
Dace 
66 
 
 
Table 1-17. Continued 
1990-2005 ~ 2006-2016 
Grand Moreau Cheyenne Bad White All river basins 
Additions = 4 Additions = 4 Additions = 2 Additions = 15 Additions = 5 Additions = 4 
Freshwater Drum Freshwater Drum 
Bluntnose 
Minnow Bigmouth Shiner Freshwater Drum Bluntnose Minnow 
Red Shiner 
Oranespotted 
Sunfish Shortnose Gar Brassy Minnow Orangespotted Sunfish Common Shiner 
Shortnose Gar Red Shiner   Brook Stickleback Shortnsose Gar Shortnose Gar 
White Crappie Shortnose Gar   Common Shiner Shovelnose Sturgeon 
Shovelnose 
Sturgeon 
      Creek Chub Silverband Shiner Silverband Shiner 
      Spottail Shiner     
      Freshwater Drum     
      Gizzard Shad     
      Longnose Dace     
      Pumkinseed     
      Shortnose Gar     
      Stonecat     
      
Western Silvery 
Minnow     
      White Bass     
      White Crappie     
Losses = 5 Losses = 1 Losses = 4 Losses = 1 Losses = 4 Losses = 2 
Bluntnose 
Minnow Brook Stickleback Black Crappie Smallmouth Bass Black Crappie Finescale Dace 
Brook 
Stickleback   Finescale Dace   Finescale Dace Rainbow Smelt 
Gizzard Shad   Iowa Darter   
Northern Redbelly 
Dace   
Largemouth Bass   Rainbow Smelt   White Crappie   
Spottail Shiner      
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Table 1-17. Continued 
Pre-1990 ~ 2006-2016 
Grand Moreau Cheyenne Bad White All river basins 
Additions = 14 Additions = 14 Additions = 15 Additions = 19 Additions = 11 Additions = 17 
Black Crappie Black Crappie Bluegill Bigmouth Shiner Bluegill Bluegill 
Bluegill Bluegill Bluntnose Minnow Black Crappie Common Carp Black Crappie 
Brook Stickleback Common Carp Common Carp Bluegill Freshwater Drum Common Carp 
Common Carp Freshwater Drum Gizzard Shad Brassy Minnow Largemouth Bass Common Shiner 
Freshwater Drum Green Sunfish Green Sunfish Brook Stickleback Northern Pike Johnny Darter 
Green Sunfish Johnny Darter Largemouth Bass Common Carp Orangespotted Sunfish Largemouth Bass 
Johnny Darter Largemouth Bass Northern Pike Common Shiner Pumkinseed Northern Pike 
Northern Pike Northern Pike Rock Bass Creek Chub Shortnose Gar Rock Bass 
Red Shiner Orangespotted Sunfish Shortnose Gar Freshwater Drum Shovelnose Sturgeon Shortnose Gar 
Shortnose Gar Red Shiner Smallmouth Bass Gizzard Shad Silverband Shiner 
Shovelnose 
Sturgeon 
Smallmouth Bass Shortnose Gar Spottail Shiner Green Sunfish Yellow Perch Silverband Shiner 
White Crappie Smallmouth Bass White Bass Largemouth Bass   Smallmouth Bass 
White Bass White Bass White Crappie Northern Pike   Spottail Shiner 
Yellow Perch Yellow Perch Yellow Bullhead Shortnose Gar   White Bass 
    Yellow Perch Spottail Shiner   White Crappie 
      Stonecat   Yellow Bullhead 
      White Bass   Yellow Perch 
      White Crappe     
      Yellow Perch     
Losses = 2 Losses = 1 Losses = 3 Losses = 0 Losses = 6 Losses = 5 
Pumkinseed Brook Stickleback Burbot   Blacknose Shiner  Blacknose Shiner 
Sturgeon Chub   Finescale Dace   Finescale Dace  Burbot 
    Iowa Darter   Flathead Catfish  Finescale Dace 
        Gizzard Shad  Flathead Catfish 
        Northern Redbely Dace 
 Western 
Blacknose Dace 
        Western Blacknose Dace   
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Table 1-18. Species additions, losses, net species richness increase or decrease, and percent faunal turnover for each watershed and for 
the whole study area within the three historical comparison sampling periods 
 Pre-1990 ~1990-2005 1990-2005 ~ 2006-2016 Pre-1990 ~ 2006-2016 
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Additions 12 10 14 8 8 14 4 4 2 14 5 4 14 14 15 19 11 17 
Losses 2 0 1 4 4 5 5 1 4 1 4 2 2 1 3 0 6 5 
Net Change 10 10 13 5 4 9 -1 3 -2 14 1 2 12 13 12 18 5 12 
Faunal turnover 
(%) 
37.
5 
32.
3 
34.
8 
36.
7 
26.
1 
31.
7 
20.
1 
13.
9 12 40 
19.
1 
12.
3 39 
41.
7 
37.
5 50 
33.
3 
34.
9 
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Figure 1-1. Study area map depicting all sites sampled that were used in analysis during this 
project, sites indicated in red were sampled during the community assessment portion of the 
project and were also the sites used for the collection of fish for age structure analysis.  
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Figure 1-2. Mainstem river mean species percent composition and standard error, collected using all 
passive and active gears, for the five most dominant species of each river basin (CCF: Channel Catfish, 
FHC: Flathead Chub, EMS: Emerald Shiner, PLM: Plains Minnow, RCS: River Carpsucker, RES: Red 
Shiner, SAS: Sand Shiner, WHS: White Sucker, WSM; Western Silvery Minnow)  
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Figure 1-3. Mainstem river mean species percent composition and standard error, collected 
using seines, for the five most dominant species of each river basin (CCF: Channel Catfish, 
FHC: Flathead Chub, FHM: Fathead Minnow, EMS: Emerald Shiner, GOE: Goldeye, PLM: 
Plains Minnow, RCS: River Carpsucker, RES: Red Shiner, SAS: Sand Shiner, WHS: White 
Sucker, WSM; Western Silvery Minnow)  
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Figure 1-4. Percent Composition of the four most dominant mainstem river families collected 
using seines and all passive and active gears  
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Figure 1-5. Percent composition of the four most dominant families for each river basin collected 
using seines 
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Figure 1-6. Mean and standard deviation of Jaccard and Sorensen dissimilarity and the turnover 
and nestedness components of total Sorensen dissimilarity for the watershed species presence-
absence and the paired site datasets, and mean Bray-Curtis dissimilarity of the paired sites 
comparison 
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Figure 1-7. Species additions and losses for the three watershed species presence-absence sampling 
periods 
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Appendix 1. Tributary Site Density Estimates 
Table 1-19. Density estimates from one representative pool at each tributary site. Densities were estimated using the k-pass removal method. 
 
D SE D SE D SE D SE D SE D SE D SE D SE
Black Bullhead 0.12 0.33 - - 0.11 0.02 0.03 0.05 0.06 0.25 0.55 0.16 0.04 0.15 - -
Bluegill - - - - - - - - - - - - - - - -
Brassy Minnow 0.03 0.03 - - - - - - - - - - - - - -
Channel Catfish - - - - - - - - - - - - - - - -
Common Carp - - 0.00 0.01 - - - - - - - - - - - -
Creek Chub - - - - 0.02 - - - - - - - - - - -
Emerald Shiner - - 0.00 0.02 - - - - - - - - - - - -
Flathead Chub - - - - 0.05 - - - - - - - - - 7.52 -
Fathead Minnow 0.43 0.06 - - 0.35 0.06 1.27 0.29 0.03 0.02 1.96 0.18 - - 0.15 0.24
Goldeye - - - - - - - - - - - - - - - -
Golden Shiner - - - - - - - - - - - - - - - -
Green Sunfish - - - - - - - - - - - - - - - -
Hybognathus sp. - - - - 0.05 - 0.24 0.08 - - 2.12 0.47 - - 5.44 -
Johnny Darter 0.00 0.12 - - - - - - - - - - - - - -
Largemouth Bass - - - - - - - - - - - - - - - -
Longnose Dace - - - - 0.11 0.02 0.02 - - - - - - - - -
Orangespotted Sunfish - - - - - - - - - - - - - - - -
Plains Killifish - - - - - - - - - - - - - - - -
Pumpkinseed - - - - - - - - - - - - - - - -
River Carpsucker - - - - - - - - - - - - - - - -
Red Shiner - - - - - - - - - - - - - - 0.01 -
Sand Shiner - - - - - - - - - - - - - - - -
Shorthead Redhorse - - 0.00 0.02 - - - - - - - - - - - -
White Sucker 0.12 0.14 0.00 - - - 0.02 - - - 0.03 - 0.02 0.10 - -
GT4 GT5GT2
Site
Species MT1 MT2 MT4 CT2GT3
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Table 1-19 Continued. 
D SE D SE D SE D SE D SE D SE D SE
Black Bullhead - - - - 0.17 0.02 0.55 0.21 - - - - - -
Bluegill - - - - - - - - - - - - - -
Brassy Minnow - - - - - - - - - - - - - -
Channel Catfish 4.53 0.16 - - - - - - - - - - 0.08 0.11
Common Carp - - - - - - - - - - - - - -
Creek Chub - - 0.62 0.21 - - - - - - - - - -
Emerald Shiner - - - - - - - - - - - - - -
Flathead Chub 0.12 - - - - - - - - - - - 0.65 0.01
Fathead Minnow 0.74 - 2.28 0.26 0.89 0.10 1.07 0.00 9.94 0.58 0.10 - 0.69 0.06
Goldeye - - - - - - - - - - - - 0.04 0.00
Golden Shiner - - - - - - - - - - - - - -
Green Sunfish - - - - - - - - - - - - - -
Hybognathus sp. 0.05 - - - - - - - 0.60 0.05 - - - -
Johnny Darter - - - - - - - - - - - - - -
Largemouth Bass 0.02 - - - - - - - - - - - - -
Longnose Dace - - - - - - - - - - - - - -
Orangespotted Sunfish 0.12 0.44 - - 0.13 0.11 - - - - - - - -
Plains Killifish - - 0.25 0.20 - - - - - - - - - -
Pumkinseed - - - - 0.01 - - - - - - - - -
River Carpsucker 0.81 0.03 - - 0.01 - - - 0.08 0.01 - - - -
Red Shiner 3.23 0.29 - - 0.32 0.06 - - 0.20 0.04 - - 2.71 1.41
Sand Shiner - - - - - - - - - - - - - -
Shorthead Redhorse 0.14 0.07 - - - - - - - - - - - -
White Sucker 0.05 0.15 0.08 0.21 0.39 0.03 - - - - - - - -
WT4
Site
Species CT3 CT4 BT1 BT2 BT3 WT1
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Chapter Two.  
Population dynamics of Channel Catfish Ictalurus punctatus and four prairie stream 
cyprinids in western South Dakota streams. 
Introduction 
Prairie stream fish populations of the Great Plains are subjected to harsh environmental 
conditions such as: unpredictable and highly variable hydrologic regimes, large 
fluctuations in temperature, and high natural turbidities (Bramblett and Fausch 1991; 
Dodds et al. 2004). Understanding how this environmental variability effects fish 
populations in prairie systems is important for the conservation of native prairie fishes. 
Prairie ecosystems are among the most threatened in North America and several prairie 
obligate species have seen large scale declines throughout their range (Welker and 
Scarnecchia 2004; Fischer and Paukert 2008). Western South Dakota presently serves as a 
stronghold for a number of these species such as, Flathead Chub Platygobio gracilis, the 
silvery minnows: Western Silvery Minnow and Plains Minnow Hybognathus argyritis and 
Hybognathus placitus, and the Sturgeon Chub Marchybopsis gelida. Declines in prairie 
fish diversity have resulted from disturbance caused by changes in landuse, and altered 
hydrologic regimes (Cross and Moss 1987; Dodds et al. 2004; Welker and Scarnecchia 
2004; Fisher and Paukert 2008). The mostly undisturbed conditions of western South 
Dakota’s streams and rivers provide an opportunity to study variations in prairie fish 
population dynamics (growth, recruitment, and mortality) under natural conditions; these 
rate functions provide important information that can be used to investigate biotic and 
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abiotic effects on fish populations among watersheds and across the region (Isley and 
Grabowski 2007; Beardsley and Britton 2012). 
Age and growth rate estimates contribute to assessments of populations and may partially 
explain community structure.  Age and growth rates also may reflect habitat quality, life 
history characteristics, and environmental stressors (Jones 1992; Campana and Thorrold 
2001; Quist and Guy 2001; Isley and Grabowski 2007; Beardsley and Britton 2012; Busst 
and Britton 2014). Little is known about the population dynamics of western South 
Dakota river fishes and no previous studies have assessed these parameters across this 
portion of the state. This information can be used to assess size or age specific rate 
function differences which can answer important ecological questions such as the effects 
of disturbance, or resource limitation (Jones 1992; Chambers and Miller 1995; Campana 
and Thorrold 2001; Beardsley and Britton 2012). This assessment of the population 
dynamics of western South Dakota lotic fish populations and investigation of potential 
watershed and regional patterns, will provide useful information for the conservation of 
these species across their distributions. 
Previous studies have been limited to select watersheds and focused either on 
Flathead Chub or Channel Catfish Ictalurus punctatus; these studies reported growth and 
mean length at age, only one study from the Belle Fourche River assessed recruitment and 
mortality (Doorenbos 1997; Fryda 2001; Harland 2003; Hayer et al. 2008). Because of the 
lack of information on fish populations in these systems and the decline of prairie stream 
fishes across their historical ranges, the objectives of this study were to assess and compare 
fish population dynamics of Channel Catfish, Flathead Chub, Western Silvery Minnow, 
Plains Minnow, and Sand Shiner, from five western South Dakota rivers.  
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Methods 
Study Area and Site Selection 
 The streams and rivers of western South Dakota lie within the non-glaciated 
northwestern Great Plains, which is characterized by a semiarid climate and rolling plains 
of shale, siltstone, and sandstone with occasional buttes and badlands scattered across the 
landscape (U.S. Environmental Protection Agency 2003). The five major tributaries to the 
Missouri River in western South Dakota are the Grand, Moreau, Cheyenne, Bad, and White 
rivers (Figure 2-1). When combined, these rivers drain approximately 127,900 km2 of 
eastern Wyoming, northeast Montana, northwest Nebraska, and South Dakota, 
approximately 72% of which is within South Dakota. The mainstems of these five major 
basins represent 11 different ecoregions in South Dakota. Each ecoregion is a unique 
combination of geology, vegetative cover, and land use, resulting in imter and intra-basin 
variation in stream characteristics across western South Dakota (Hoagstrom 2006a).  
Fish Collection 
 Aging structures were collected during the fall of 2015 and the spring of 2016 from 
a minimum of three mainstem sites within each of the five major river basins. Sites were 
selected by first identifying all areas with potential vehicle access and secondarily based 
on their equal distribution throughout the basin and land owner permissions. At each site, 
reach length was determined as 40 times the mean stream width (Rabeni et al. 2009), with 
a minimum length of 100m and a maximum length of 1600m. Fishes were collected using 
a 9.14 x 1.8m bag seine, four 2-net tandem hoop nets baited with ZOTE™ soap (7 one 
meter hoops and 25mm mesh), four modified single throat fyke nets (0.9 x 1.5m frames, 
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9mm mesh, and single 9.2m long leads), two American Fisheries Society standard gillnets, 
and one 25 hook trotline (1.2m between hooks, 0.3m drop lines, 1/0 J hooks each baited 
with 1/2 a nightcrawler). Seining was conducted in a downstream direction. Eleven evenly 
spaced transects were designated within each reach and one seine haul was conducted at 
each transect. Additional hauls were conducted in unique habitats present outside transects 
to ensure that sampling encompassed all habitats available. Seine hauls were done in a 
downstream direction and were approximately 20 m in length. Passive gears were fished 
overnight for approximately 12 hours and effort was described as fish/net night. Fishes 
were enumerated, measured for total length (TL, mm), and a length-stratified sub-sample 
of fish was euthanized for the collection of hard structures. For cyprinids and Channel 
Catfish under 300mm, 10 fish per 10 mm length category were collected. For Channel 
Catfish over 300 mm, 10 fish per 20 mm length category was collected. Fishes under 300 
mm were placed in 70% ethanol and transported back to the lab for hard-structure 
processing, larger fish were processed in the field.  
Lab Procedures 
  Cyprinid otoliths were removed using a dissecting microscope and mounted on 
microscope slides with superglue. Channel Catfish were sexed and lapillus otoliths were 
removed. Cyprinid otoliths were polished with 1000 grit sandpaper and viewed using a 
dissecting microscope. Channel Catfish otoliths were embedded in epoxy and sectioned 
along the frontal plane using a Buehler low-speed isomet saw. Sections were cut 175µm 
wide, polished on both sides with 1000 grit sandpaper, and then mounted on microscope 
slides with superglue. All otoliths were aged by two readers, samples were excluded from 
further analysis when consensus could not be reached. 
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Data analysis 
 Data from the fish assemblage structure portion of this study (Chapter 1), were used 
to assess seasonal catch per unit of effort of the target species and to estimate Channel 
Catfish Proportional Size Distribution indices (PSD .Guy et al. 2007). Otolith age estimates 
were used to construct age length keys for each species for each site. Age length keys were 
then applied to the remaining unaged fish from each sample. The age estimates were then 
used to estimate mean length at age for each species within each river basin. Von 
Bertalanffy growth curves were used to estimate growth rates of Channel Catfish and 
Flathead Chub. Nearly all Western Silvery Minnow, Plains Minnow, and Sand Shiner were 
age-3 or less, so growth for these species was assessed by comparing mean length at age. 
 Total annual mortality was estimated for fishes in each watershed using linearized 
catch curves (Miranda and Bettoli 2007). The natural logarithms of the catch at age data 
from age length keys was regressed versus age; the regression line fit to the descending 
portion of the catch curve represents the instantaneous mortality rate (Miranda and Bettoli 
2007). Because of the non-game status of the cyprinid species and the minimal exploitation 
of Channel Catfish from these rivers, it is assumed that the instantaneous mortality rate and 
the natural mortality rate are the same. Recruitment variability was assessed using the 
residual method described by Maceina (1997); where the residuals from the catch curves 
were used to assess variability among cohorts. Positive and negative residuals from the 
catch curve regressions are assumed to be associated with recruitment variability and 
coincide with strong and weak year classes (Maceina and Pereira 2007).  
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Statistical Analysis 
 Analysis of Covariance (ANCOVA) was used to test for differences in the slopes 
and intercepts of predicted lengths from von-Bertalanffy growth funcions for Channel 
Catfish and Flathead Chubs, and differences in growth based on mean lengths at age for 
the remaining cyprinid species (Isley and Grabowski 2007). ANCOVA was also used to 
test for differences in mortality for all species. Channel Catfish and Flathead Chub 
recruitment variability was assessed using the residual method described by Miranda and 
Bettoli (2007), correlation analysis was then conducted on the studentized residuals to 
assess potential regional patterns in recruitment synchrony. Plains Minnow, Sand Shiner, 
and Western Silvery Minnow had only three age classes present (except for one age-4 
Western Silvery Minnow from the Moreau River) as a result, recruitment variability was 
not assessed.   
Results 
Channel Catfish 
Summer hoop net catch per unit of effort (Table 2-6, Figure 2-2) ranged from 10.6 
(SE=2.8) in the Bad River to 28 (SE=13.9) in the Grand River, mean Summer CPUE 
across the five river basins was 17 (SE=3.1). Mean hoop net CPUE was variable across 
seasons and was lowest in the Fall (3.3, SE=1.2), Spring hoop net CPUE was 7.2 
(SE=0.8). Summer seine CPUE ranged from 1.8 (SE=0.4) in the Grand and Cheyenne 
Rivers to 6.7 (SE=1.3) in the Bad River. Summer mean CPUE across the five rivers was 
3.4 (SE=1), fall mean CPUE was 2.4 (SE=0.4), and spring was the lowest (1, SE=0.3).  
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Summer hoop net CPUE was variable across sites (Table 2-7, Figure 2-10); in the Grand 
River CPUE increased from upstream to downstream and ranged from 1 (SE=0.6) at site 
G1 to 107.3 (SE=33) at site G4. Moreau River hoop net CPUE ranged from 5.25 
(SE=2.6) at site M3 to 19.5 (SE=6.5) at site M6. Cheyenne River hoop net CPUE 
increased in a downstream direction to site C4 but declined at site C5, CPUE ranged from 
7 (SE=4.9) at site C1 to 28.8 (SE=21.5) at site C4. Hoop net CPUE in the Bad and White 
rivers followed a similar trend as the Cheyenne and increased moving downstream but 
declining at the furthest downstream site. Bad River CPUE ranged from 3.5 (SE=1.5) at 
site B1 to 20.75 (SE=4.6) at site B3. White River CPUE ranged from 10.5 (SE=2.5) at 
site W1 to 20.5 (SE=14) at site W4.  
Summer seine CPUE was also variable across sites (Table 2-11, Figure 2-11); 
Grand River seine CPUE increased from upstream to downstream and ranged from 0 at 
site G1 to 6.6 (SE=1.4) at site G4. Moreau River seine CPUE ranged from 0.8 (SE=0.3) 
at site M2 to 3.6 (SE=1) at site M5, CPUE was lowest at the two furthest upstream sites 
and then increased from upstream to downstream through site M5 but declined at the 
furthest downstream site M6. Cheyenne River seine CPUE was lowest at the two sites in 
the middle reaches of the river, sites C3 and C4, and highest at the furthest downstream 
site C5. Cheyenne River CPUE ranged from 0.2 (SE=0.1) at site C4 to 4.4 (SE=0.9) at 
site C5. White River seine CPUE was similar across sites but lowest at the furthest 
upstream site, site W1. White River CPUE ranged from 2.1 (SE=0.6) at site W1 to 5.4 
(SE=1.1) at site W4.  
A total of 3,027 Channel Catfish were sampled during the spring and fall aging 
structure collection, otoliths were taken from 1510 fish: 213 from the Grand River, 383 
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from the Moreau River, 283 from the Cheyenne River, 242 from the Bad River, and 389 
from the White River. Channel Catfish growth was slow when compared to mean lengths 
at age based on national averages (Hubert 1999) and was within the 5th and 30th 
percentiles (Figure 2-58). Growth was variable across the five populations, juvenile 
growth (through age-6), was similar in the Grand, Cheyenne, and White rivers, slightly 
lower in the Bad River, and lowest in the Moreau River. Adult growth was fastest in the 
Grand, followed by the Moreau, and then the Bad River. Adult growth in the Cheyenne 
and White rivers was similar and was significantly slower than the other three 
populations.  Mean length at age for age-3 fish (Table 2-1) ranged from 159mm (Moreau 
River) to192mm (Cheyenne River), age-8 was the oldest age group represented across all 
watersheds and mean length at age ranged from 374mm (Grand River) to 442mm 
(Moreau River). At least one fish age-20 or older was collected from each river, except 
the White River, where the oldest fish sampled was age-15. The oldest fish aged during 
the study was 24 and was a 663mm individual from the Cheyenne River. Growth varied 
significantly between watersheds (ANCOVA, F= 9.878, P< 0.0001, Figure 2-64) and 
posthoc general linearized hypotheses tests suggested significant differences in growth 
between four pairwise comparisons, the Grand and Moreau (df= 4, t = 2.993 P= 0.03), 
the Grand and Cheyenne (df= 4, t= -4.10, P< 0.001), the Grand and Bad (df= 4, t= -3.28, 
P= 0.012), and the Cheyenne and White river populations (df= 4, t= -2.987, P= 0.04). 
Overall growth was highest in the Grand River, followed by the White, Moreau, Bad, and 
Cheyenne rivers, respectively.  
Mortality differed significantly between watersheds (ANCOVA: F = 1.275, P< 
0.01, Figure 2-70), total annual mortality (Table 2-22, Figure 2-70) based on linearized 
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catch curve regressions of catch at age from hoop net collected fish was highest in the 
Grand (35%) and White rivers (34%) and lowest in Cheyenne (14.5%) and Bad rivers 
(6%). Studentized catch curve residuals (Table 2-24) greater than negative one and one 
were observed for at least one age class within each watershed suggesting that some 
strong and week year classes were present. The largest amount of recruitment variability 
was observed in the Cheyenne River, studentized residuals from five of the 15 age classes 
represented in the analysis were greater or less than one or negative one. Stundentized 
residuals were not correlated (df= 103, t= 0.449, P= 0.65) across watersheds; the 
presence of uncorrelated strong and weak year classes within each population suggests 
Channel Catfish recruitment is variable but not synchronous across western South 
Dakota’s streams and that biotic and or abiotic factors at the watershed scale override 
regional environmental characteristics.  
Flathead Chub 
 Summer Seine CPUE (Table 2-12, Figure 2-7) ranged from 0.14 (SE= 0.07) in the 
Bad River to 10.7 (SE=2.4) in the White River. CPUE was similar in the Cheyenne (9.5, 
SE=1.4) and White River (10.7, SE= 2.4), and similar between the Grand (3.8, SE=1.1) 
and Moreau (5.6, SE=0.9) rivers although the Grand was slightly lower. Flathead Chub 
CPUE was the lowest in the Bad River (0.14, SE=0.07), only 8 fish were sampled. 
Flathead CPUE was variable across sites (Table 2-13, Figure 2-12); in the Grand River 
CPUE increased from upstream to downstream and ranged from 0 at site G1 to 16.7 
(SE=4.2) at site G4. Moreau River CPUE was nearly identical at sites M1, M2, M3, and 
M5 (mean: 3.9, SE=0.3), and highest at site M4 (14.8, SE=4.4). Only two fish were 
sampled at the furthest downstream Moreau River site, site M6, as such, this site had the 
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lowest CPUE (0.08, SE=0.06) of all the Moreau River sites. CPUE in the Cheyenne 
River ranged from 0.03 (SE=0.04) at site C1 to 16 (SE=3.1) at site C2. CPUE in the 
Cheyenne River generally declined moving downstream from site C2 to site C5 but the 
CPUE at sites C3, C4, and C5 was similar (mean:9.4, SE=1.2). No Flathead Chubs were 
sampled at sites B1 and B2 in the Bad River, one fish was sampled at site B3 (CPUE: 
0.04, SE=0.04), and seven fish were sampled at site B4 (CPUE: 0.35, SE=0.15). CPUE in 
the White River was lowest at the furthest upstream site, site W1 (0.1, SE=0.07) and 
highest at site W2 (18.7, SE=5.7), CPUE was similar at sites W3 and W5 (mean: 6.7, 
SE=0.06), and slightly higher at site W4 (10.5, SE=4.7).  
Flathead Chub growth (Table 2-2, Figures 2-59 & 2-60) did not vary significantly 
among the three populations (Moreau, Cheyenne, White rivers) included in analysis 
(ANCOVA, F= 2.221, P= 0.16, Figure 2-65). Only four Flathead chubs were sampled in 
the Bad River, and only five fish ≥ age 2 were sampled from the Grand River, these 
populations were not included in further analysis due to low sample sizes (Table 2-2). 
The majority of fish collected were age-1 (69%, n= 1480) and age 2 (22%, n= 461) but 
fish up to age 6 were sampled (0.4%, n= 8). Flathead Chub mortality (Table 2-23, Figure 
2-66) differed significantly between the three populations (ANCOVA: F= 9.539, P< 0.01, 
Figure 2-71) and differed between all posthoc pairwise comparisons (P< 0.0001). Total 
annual mortality based on linearized catch curves was 63.8, 75.2, and 82.8% in the 
Moreau, Cheyenne, and White river populations, respectively. Similar to Channel 
Catfish, catch curve studentized residuals (Table 2-25) suggested the presence of strong 
and weak year classes within each population and were not correlated across populations 
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(df= 12, t=0.157, P=0.0878). Variability in Flathead Chub and Channel Catfish 
recruitment is likely a result of the harsh and stochastic nature of Great Plains streams.  
Silvery Minnows 
Summer CPUE of silvery minnows (Table 2-15, Figure 2-8) ranged from 0.8 
(SE=0.3) in the White River to 22 (SE= 9.8) in the Moreau River. Pooled Plains Minnow 
CPUE (Table 2-14, Figure 2-8) ranged from 0.2 in the White River to 5.5 in the Moreau 
River. Pooled Western Silvery Minnow CPUE (Table 2-14, Figure 2-8) ranged from 0.02 
in the Bad River to 16.5 in the Moreau River. There was a high level of variability in 
CPUE across individual sites (Table 2-15, Figure 2-14), Grand River Plains Minnow 
CPUE ranged from 0 at site G1 to 2.1 at site G3, Western Silvery Minnow CPUE ranged 
from 0 at site G1 to 0.7 at site G3. Plains Minnow CPUE in the Moreau River range from 
0.2 at site M5 to 9.9 at site M6, Western Silvery Minnow CPUE ranged from 1 at site M2 
to 68.6 at site M6. Plains minnow CPUE in the Cheyenne ranged from 0 at site C1 to 
14.9 at site C2, Western Silvery Minnow CPUE ranged from 0 at site C1 to 5.5 at site C2. 
Silvery minnow CPUE at site C2 was much higher than any other site sampled in the 
Cheyenne River, CPUE at sites C3, C4, and C5 was much lower but was similar among 
the three sites (mean Plains Minnow CPUE: 0.7, SE=0.28, mean Western Silvery 
Minnow CPUE: 1.1, SE=0.22). Plains Minnow CPUE in the Bad River ranged from 0 at 
site B1 to 1.8 at site B3, Western Silvery Minnow CPUE was 0 at sites B1, B2, and B4, 
and only 0.8 at site B3. White River Plains Minnow CPUE was 0 at sites W1, W4, and 
W5, 0.2 at site W2, and 0.5 at site W3, Western Silvery Minnow CPUE in the White 
River generally increased in a downstream direction and ranged from 0 at site W1 to 1.6 
at site W5. 
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Sampling during the summer community assessment portion of this study 
revealed an interesting trend in the abundance of large Plains (≥100mm) and Western 
Silvery Minnows (≥120mm). At mainstem sites, Plains Minnows less than 100mm 
accounted for 98% of the total catch, compared to 64% in tributaries, 36% of Plains 
Minnows sampled in tributaries were larger than 100mm compared to just 2% in 
mainstem sites. The same pattern was observed for Western Silvery Minnows, 41% of 
the total catch at tributary sites were greater than 120mm compared to just 2% at 
mainstem sites, fish less than 120mm accounted for 59% and 98% of the total catch in 
tributary and mainstem sites respectively. Only one of the 24 tributary sites sampled had 
Western Silvery Minnows ≥120mm and was located on Cherry Creek (site CT3), a 
tributary to the Cheyenne River, the fish sampled at that site accounted for 78% (n=160) 
of all Western Silvery Minnows that size or greater (n=204) from across the study area. 
The same Cherry Creek site accounted for 42% (n=111) of all Plains Minnows sampled 
≥100mm (n=264), two other tributary sites had high catch rates of fish over 100mm,a 
tributary site on the Moreau River accounted for an additional 22%% (n=59), and a Bad 
River tributary site 21% (n=55). 
The Grand and White river Western Silvery Minnow and Plains Minnow 
populations were excluded from analysis due to low sample sizes (Tables 2-3 & 2-4). 
Plains Minnow growth (Table 2-4, Figure 2-62) was significantly different between the 
three populations (Moreau, Cheyenne, and Bad rivers) included in the analysis 
(ANCOVA, F=32.521, P< 0.0001, Figure 2-66) posthoc tests suggested significant 
differences between all pairwise comparisons. Plains Minnow Mortality did not differ 
significantly between populations (ANCOVA: F= 0.054, P= 0.95, Figure 2-72). Total 
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annual mortality (Table 2-23, Figure 2-72) based on linearized catch curves was 82, 83.4, 
and 91.8% for the Moreau, Cheyenne, and Bad rivers respectively.  
Western Silvery Minnow growth (Table 2-3, Figure 2-61) differed between the 
three populations (Moreau, Cheyenne, and Bad rivers) included in the analysis 
(ANCOVA: F= 3.342, P= 0.036, Figure 2-67) posthoc test suggested significant 
differences between the Moreau and Bad populations (t= 1.583, P= 0.02) and the Moreau 
and Cheyenne populations (t=3.113, P< 0.01). Growth was fastest in the Bad River, 
followed by the Moreau, then the Cheyenne. Western Silver Minnow mortality rates 
(Table 2-23, Figure 2-68) were similar between the three populations included in the 
analysis (ANCOVA: F= 0.224, P= 0.731, Figure 2-73). However, there was a significant 
difference in the intercept of the catch curve regressions (ANCOVA: F= 7.847, P= 0.02, 
Figure 2-74), suggesting a difference in number of fish at each age by watershed, the 
Cheyenne consistently had the largest number of fish caught at age, followed by the 
Moreau and then the Bad. The Moreau and Bad rivers were the only populations with 
significantly different catches at age (t=-3.919, P= 0.02).  
Sand Shiner 
 Summer Sand Shiner CPUE (Table 2-16, Figure 2-9) varied widely between river 
basins and was much higher in the Bad River than the other river basins. CPUE ranged 
from 0.14 (SE=0.09) in the White River to 17 (SE=3.5) in the Bad River. Sand Shiner 
CPUE varied across sites (Table 2-17, Figue 2-15). CPUE in the Grand River ranged 
from 0.7 (SE=0.5) at site G1 to 11.6 (SE=4.3) at site G4, CPUE was similar between sites 
G2 (7.3, SE=2.6) and G3 (5.5, SE=2.7).CPUE in the Moreau River was highest at site 
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M4 (11.8, SE=53) and lowest at site M6 (0.1, SE=0.07), CPUE was similar between sites 
M1 (6.7, SE=2.4), M2 (9.8, SE=1.3), M3 (7.6, SE=2.2), and site M5 (4.3, SE=1.3). 
Cheyenne River CPUE ranged from 0 at site C3 to 1.9 (SE=1.1) at site C1, CPUE at all 
sites downstream from C1 was similar and did not exceed 0.5. CPUE in the Bad River 
was much higher at the furthest upstream site, site B1 (64.7, SE=8.1), than any of the 
downstream sites. CPUE declined substantially at site B2 (1.7, SE=0.6) but then 
increased in a downstream direction to 3.6 (SE=0.8) at site B3, and 14.4 (SE=5) at site 
B4. White River CPUE ranged from 0 at sites W3 and W4 to 0.4 (SE=0.2) at site W1. 
Sand Shiner growth (Table 2-5, Figure 2-63) differed significantly between 
watersheds (ANCOVA, F=6.287, P<0.0001, Figure 2-68) Tukey’s posthoc test showed 
significant difference between all populations except the Moreau and Cheyenne, White 
and Cheyenne, White and Grand, and White and Moreau populations. Sand Shiner 
mortality (Table 2-23, Figure 2-75) did not differ significantly between watersheds 
(ANCOVA: F= 0.523, P= 0.791, Figure 2-75). Total annual mortality based on linearized 
catch curves was 85.4, 81.2, and 74% for the Grand, Cheyenne, and Bad rivers 
respectively. The mortality estimate for the Moreau River was 59.7% but the catch curve 
regression was not run only on the descending limb of the curve due to a strong year class 
of age-2 fish and is likely an underestimate, the Moreau River was not included in 
analysis.    
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Discussion 
Channel Catfish 
 Channel Catfish growth was variable within and among rivers but overall was slow 
and similar to that of other nearby Great Plains populations such as the Belle Fourche River, 
SD (Doornbos 1998), the central and lower Platte River, NE (Holland and Peters 1992; 
Barada 2009), and the Niobrara River, NE downstream from Spencer Dam (Mahoney 
1982). The faster growth observed in the Grand River may be due to the lower abundance 
of fish throughout the middle and upper reaches of the river. While the overall CPUE of 
Channel Catfish was high in the Grand River, the variability around the estimate was high 
and CPUE was only high at the furthest downstream site located a short distance upstream 
of the confluence with Lake Oahe. The Faster adult growth observed in the Grand and 
Moreau populations is likely a result of the higher level of habitat heterogeneity and lower 
percentage of fine substrates in those rivers. Conversely, the Cheyenne and White rivers 
are larger more homogenous rivers with harsh physiochemical conditions, are lacking in 
pool habitats, and are dominated by shifting sand substrates. These factors, coupled with 
the high abundances Channel Catfish in these rivers, are likely responsible for the slowest 
adult growth being observed in these two populations. Quist and Guy (1998) suggested 
that, among other factors, observed differences in growth of Kansas River Channel Catfish 
were likely due to differences in prey availability attributed to low invertebrate production 
in river segments with shifting sand substrates. This is supported by Peterson et al. 2018 
who found that western South Dakota Channel Catfish invertebrate consumption mainly 
consisted of only a few taxa of invertebrates and that the primary taxa consumed were 
associated with stable substrates that are not typical in western South Dakota streams. 
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Peterson et al. 2017 also found that there was a significant relationship between Channel 
Catfish condition and their longitudinal position within the river basin but that the 
relationship varied by river basin, suggesting that differing local scale habitat factors were 
driving Channel Catfish population characteristics. The slow growth of western South 
Dakota Channel Catfish is likely a result of the combination of high densities of fish, 
limited forage, and the harsh environmental conditions of Great Plains streams. Annual 
mortality was variable but low across all populations and longevity was higher than most 
previously studied Great Plains populations (Holland and Peters 1992). The low mortality 
of Channel Catfish in western South Dakota is likely due to limited angler exploitation and 
the lack of natural predators. 
  Catch rates of adult fish increased from upstream to downstream in the Grand and 
Moreau rivers, but were highest at the furthest upstream site sampled in the Cheyenne, 
Bad, and White rivers. In the White River, 85% of the adult fish sampled came from the 
furthest upstream site on the Pine Ridge Reservation.The furthest upstream site on the 
Cheyenne was located a short distance downstream from Angostura reservoir, this site had 
low turbidity, a higher width to depth ratio, increased habitat heterogeneity, and diverse 
substrates with a high percentage of cobble and gravel. The furthest upstream site on the 
White River was located upstream of the Badlands and minus the tailwater effect at the 
upstream Cheyenne site had similar habitat characteristics. The abundance of adult fish 
was high at this site but no juvenile fish were sampled. The furthest upstream sites on both 
the Cheyenne and White rivers had a higher percentage of canopy cover and as a result, 
more large woody debris, the middle and upstream reaches of the Bad river also had a large 
amount of canopy cover and large woody debris. Kelsch and Wendel (2004) found that 
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Channel Catfish in the Red River of the North selected habitats with higher cover density 
and percent cover, especially in the form of large woody debris, lower velocities, and 
reduced distance to cover. The higher abundances of adult fish observed at these upstream 
sites maybe due to increased habitat heterogeneity and better foraging opportunities in the 
upstream reaches of those rivers. This theory is supported by Peterson et al 2018, who 
found a significant relationship between Channel Catfish condition and their longitudinal 
position in the river basin, fish at the furthest upstream site on the Cheyenne River had 
significantly higher condition.  
Total annual mortality was highest in the Grand and White rivers It is unclear why 
the highest mortality was observed in the Grand River however, due to the very high catch 
rates of juvenile fish (≤300mm) at the furthest downstream site, the higher mortality 
estimate is likely a result of density dependent mortality, emigration to lake Oahe, or a 
combination of the two. .  
Total annual mortality was variable but low across all populations and longevity 
was higher than most previously studied Great Plains populations (Holland and Peters 
1992).  Holland and Peters (1992) reported that few rivers in the Great Plains support 
populations with large numbers of fish over age 10 with a some exceptions being: the Red 
River of the North, North Dakota and Minnesota (restrictive creel limits and a maximum 
harvestable size), and the Powder River and Crazy Woman Creek, Wyoming (low levels 
of exploitation) as examples. Mortality estimates and the observed high longevity of these 
populations suggest that natural and fishing mortality of adult fish is minimal. Recruitment 
was variable but consistent across populations, as no missing age classes were present in 
any population below age-8.  
95 
 
 
 Presently there are no regulations on Channel Catfish harvest in the Grand, 
Moreau, Cheyenne, Bad, and White rivers and based on the observed high longevity of 
these populations, exploitation appears to be low. Haxton and Punt (2004) reported 
similar growth, mortality, and high longevity of Channel Catfish in the Ottawa River, 
Ontario, Canada to the population characteristics observed during the current study and 
attributed the slow growth to either low productivity or density dependent processes and 
the high longevity to limited angler exploitation. The harvest of smaller Channel Catfish 
within western South Dakota streams would benefit these populations and likely increase 
growth by reducing interspecific competition for resources. It appears that angling 
currently has little effect on the size structure of these populations but perhaps 
implementing a maximum size limit management strategy similar to that of the Red River 
of the North, USA and Canada may aid in concentrating the limited harvest to the more 
abundant smaller fish. An estimate of angler effort targeting Channel Catfish and their 
exploitation within these systems would provide a better understanding of the effects of 
any management suggestions. In any case, these rivers support abundant populations of 
Channel Catfish and these fisheries should be highlighted as an additional recreational 
opportunity within western South Dakota.  
Flathead Chub 
Growth did not vary significantly across the three populations, however, there 
were differences in mean lengths at age between populations, specifically in the White 
river. Age-1 fish were significantly smaller in the White River than the other two 
populations, this is similar to the findings of Hayer et al. (2008) for Flathead Chubs, and 
also for Channel Catfish (Fryda 2001) in the White River. There was no significant 
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difference in growth based on predicted lengths at age between the Moreau, Cheyenne, 
and White River populations, however, mean lengths at age did differ. Mean lengths at 
age-1 were nearly identical to that of Hayer et al. (2008), but were much higher for 
subsequent ages during the current study. Harsh environmental conditions likely limit 
autochthonous production (Hayer et al. 2008), and low levels of primary and secondary 
production likely hinder the growth of age-0 fish, especially in the White River. Mean 
annual discharge was significantly higher in the seven years leading up to the fish 
collection during the current study than in the years leading up to the Hayer et al.(2008) 
study, and the faster growth seen in older fish may be due to increased allochthonous 
inputs or other indirect effects associated with higher flows during the study period 
(Quist and Guy 1998; Fisher et al. 2002). 
Flathead Chub mortality was highest in the White, followed by the Cheyenne, and 
then the Moreau River. The higher mortality rates of the Cheyenne and White river 
populations is likely due to harsh environmental conditions. Of note was the low sample 
size of fish from the Bad River and the low sample sizes of fish older than age-1 in the 
Grand River. Flathead chub declines in the Bad River may be a result of the 
fragmentation and altered hydrology as a result of the high densities of stock dams across 
the watershed (Perkin and Gido 2011; Perkin et al. 2015). More intense localized cattle 
grazing and agricultural development within the floodplain, as compared to other western 
South Dakota rivers basins, may also be negatively effecting Flathead Chubs. It is unclear 
why the sample sizes of adult fish (>100mm) in the Grand River were so low. 52% of all 
Flathead Chubs >100mm collected from the Grand River were sampled at site G3, 39% 
were sampled in tributaries to the Grand River, the majority of which were sampled in the 
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South Fork of the Grand upstream of Shadehill Reservoir. The fragmentation caused by 
Shadehill Reservoir may increase the significance of tributary streams to the persistence 
of Flathead Chubs in the Grand River.  
Silvery Minnows 
Plains Minnows age-1 through age-3 were sampled in all but the Grand River, 
only one fish over age-1 was sampled in the Grand and was age-2. The largest Plains 
Minnow Sampled during collection of aging structures was a 118mm age-3 fish from the 
Bad River although, Plains Minnow up to 127mm were sampled in the Moreau River 
during the summer fish community assessment sampling. According to Pflieger (1997), 
Western Silvery Minnows age-3 through age-5 were common in Missouri streams and 
their maximum age was 5.5 years. During the current study, Western Silvery Minnows 
were sampled up to age-4, only one age 4 fish was present in the aged samples and was a 
151mm individual from the Moreau River. All rivers except the White River had Western 
Silvery Minnows through age-3. Low sample sizes of Plains Minnow and Western 
Silvery Minnow from the Grand and White River precluded any analysis of growth or 
mortality of those populations. 
  Length frequency distributions from the summer community assessment sampling 
show a much higher number of Plains Minnows over 100mm and Western Silvery 
Minnows over 120mm present in tributaries than mainstem sites. This suggests that 
certain tributaries may be important spawning areas for silvery minnows in western South 
Dakota streams, a number of these larger fish were dissected and were females full of 
eggs (personal observation), and they also may provide better forage or refugia from 
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harsh summer environmental conditions. Low sample sizes of fish over age-1 in the 
Grand River may be a result of the same factors leading to low numbers of sampled adult 
Flathead Chubs. The lower abundance of either species in the White River may be due to 
the dominance of shifting sand substrates and harsh environmental conditions.  
Plains Minnow growth was fastest in the Moreau River and slowest in the 
Cheyenne River. There was a statistically significant difference in growth between the 
three populations based on mean lengths at age, however, the differences were slight 
(within 3mm at age-3) and may not be biologically significant. Western Silvery Minnow 
growth through age-2 was fastest in the Bad River, growth in the Moreau and Cheyenne 
rivers was similar. Silvery minnow mortality was high, as expected for short lived 
cyprinids, and estimated total annual mortality rates were not significantly different 
among population for either species.  
Sand Shiner 
Sand Shiners are a common species throughout the Great Plains and were 
abundant throughout the study area except in the central and lower Cheyenne and White 
rivers. Their ubiquitous status across the Great Plains makes them an important 
component of Great Plains ecosystems. Sand Shiners are less tolerant to extreme turbidity 
and the likely explains their low abundance in the central and lower Cheyenne and White 
rivers, which are both large rivers with very high natural turbidities (Bonner and Wilde 
2002). Sand Shiner growth varied between populations but was similar to that reported by 
Smith et al. (2010) for Sand Shiners in Iowa rivers. Mean lengths at age reported by 
Smith et al. (2010) were 38.5mm, 53mm, and 63.9mm for age-1, 2, and 3 fish 
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respectively with fish growing an average of 13.8mm between age-1 and age-2, and 9mm 
between age-2 and age-3. Growth of adult fish (≥ age2) during the current study was 
slightly faster and was 16.4mm between age-1 and age-2 and 10.2mm between age-2 and 
age-3; mean lengths at age during the current study were slightly smaller: 35.33mm at 
age-1, 51.7mm at age-2, and 61.9mm at age-3. but growth of age-1 fish was 3mm slower.  
 Mean total annual mortality during the current study was also similar to that 
reported by Smith et al. (2010), who reported a mean total annual mortality of 77.9% 
compared to 80.2% during the current study. Smith et al. (2010) also reported higher 
mortality of fish from age-2 to age-3 (mean: 92%) than from age-1 to age-2 (mean: 
84.5%). The same was found during the current study however, mean mortality was only 
slightly higher for age-2 to age 3 fish. This pattern did not apply to the Grand River and 
mortality was higher for age-1 to age-2 fish. The higher mortality rate between age-1 and 
age-2 in the Grand River compared to the other populations is likely a result of 
environmental variability in combination with density dependent processes, as the 
abundance of age-1 Sand Shiners was much higher than in any other population. Smith et 
al. (2010) reported extremely high recruitment variability in Iowa’s lotic Sand Shiner 
populations, and the same is likely the case in western South Dakota Sand Shiner 
populations, the strong year class of age 2 fish in the Moreau River is an indication of 
recruitment variability  
 In conclusion, this study provides valuable information on the population 
characteristics of the five most dominant species in western South Dakota’s rivers, a 
number of which have declined dramatically across their range, this information can be 
used to focus future research on the ecology of Great Plains fish communities. River 
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basin variability in population characteristics of each species in this study is 
representative of the harsh environmental stochasticity of the region and river basin 
differences in physical and biological characteristics. Future research should be focused 
on understanding river basin specific drivers of population characteristics, with an 
emphasis on Flathead Chubs in the Grand and Bad rivers.   
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Table 2-1. Channel Catfish mean length at age (MLA), standard error, and sample size for all fish collected from each river basin 
  Grand Moreau Cheyenne Bad White 
Age MLA SE n MLA SE n MLA SE n MLA SE n MLA SE n 
1 68 2.1 73 60 1.0 99 58 0.8 171 58 0.8 113 49 0.5 225 
2 169 4.2 27 107 0.9 505 125 3.2 42 108 1.0 211 125 1.5 139 
3 184 0.8 264 158 1.8 210 192 5.6 39 167 1.9 104 186 2.4 90 
4 221 1.5 122 199 2.5 86 253 6.9 20 218 6.7 7 213 4.2 28 
5 279 3.1 38 237 2.7 95 285 7.2 21 248 6.4 15 266 5.7 21 
6 303 8.3 7 267 15.6 3 322 17.5 7 323 9.9 7 303 6.3 19 
7 408 28.0 3 388 39.0 3 325 7.1 22 377 24.5 2 335 9.3 14 
8 374 18.5 3 442 21.0 2 369 5.7 44 400 - 1 359 - 1 
9 417 9.1 13 447 11.0 2 403 12.8 7   -     -   
10 460 15.8 3   -   455 12.9 7   -     -   
11 431 13.0 2 493 11.0 2 432 27.4 6   -   549 10.0 2 
12   -     -   505 27.6 5 505 - 1 485 - 1 
13 515 33.0 2   -   489 - 1   -     -   
14   -     -   522 22.6 4   -   500 0.5 2 
15 577 3.0 2 577 - 1 510 20.0 5   -   527 - 1 
16 618 - 1 553 - 1 536 10.3 3   -     -   
17 520 - 1   -   541 21.4 4   -     -   
18 612 24.0 4 586 29.7 3 486 39.2 4 536 - 1   -   
19 672 - 1   -   545 19.5 7 578 5.5 2   -   
20 700 - 1 657 - 1 594 22.2 4 602 - 1   -   
21   -     -   573 13.1 5 623 23.9 4   -   
22   -     -   565 102.5 2 530 - 1   -   
23   -     -   580 0.5 2 628 - 1   -   
24   -     -   663 - 1   -     -   
N 567 1013 433 471 543 
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Table 2-2. Flathead Chub mean length at age (standard error, sample size) for each river basin 
Ag
e Grand Moreau Cheyenne Bad White 
1 
58 (0.55, n= 
411) 
60 (0.97, n= 
283) 
53 (0.72, n= 
309) 
71 (3.89, n= 
4) 
43 (0.85, n= 
477) 
2 
123 ( 10.17 , n= 
3) 
99 (0.64, n= 
327) 
103 (2.23, n= 
44) - 
97 (1.21, n= 
87) 
3 155 ( - , n= 1) 
133 (1.14, n= 
102) 
132 (1.49, n= 
24) - 
132 (2.87, n= 
12) 
4 175 ( - , n= 1 
154 (2.17 , n= 
20 
145 (2.60, n= 
3) - 
159 (1.15, n= 
3) 
5 - 169 (3.32, n=14) 187 (7, n= 2) - - 
6 - 182 (2.22, n= 8) - - - 
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Table 2-3. Western Silvery Minnow mean length at age (standard error, sample size) for each 
river basin 
Ag
e Grand Moreau Cheyenne Bad White 
1 61 (2.98, n= 5) 
70 (0.24, n= 
697) 
72 (0.58, n= 
304) 
72 (3.65, n= 
20) 
62 (0.68, n= 
127) 
2 77 ( - , n= 1) 
109 (0.66, n= 
50) 
101 (1.82, n= 
33) 
111 (1.37, n= 
25) 
88 (5.59, n= 
13) 
3 
128 (5.12, n= 
4) 
119 (1.28, n= 
21) 
125 (3.85, n= 
5) 111 ( - , n= 1) - 
4 - 151 ( - , n= 1) - - - 
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Table 2-4. Plains Minnow mean length at age (standard error, sample size) for each river basin 
Ag
e Grand Moreau Cheyenne Bad White 
1 
62 (1.86, n= 
16) 
62 (0.41, n= 
357) 
60 (0.39, n= 
492) 
66 (0.75, n= 
162) 
43 (1.56, n= 
22) 
2 82 ( - , n= 1) 95 (2.24, n= 12) 89 (0.69, n= 54) 92 (3.64, n= 4) 77 (3.01, n= 4) 
3 - 
104 (1.17, n= 
20) 
101 (1.79, n= 
15) 
104 (2.38 , n= 
4) 113 ( - , n= 1) 
4 - - - - - 
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Table 2-5. Sand Shiner mean length at age (standard error, sample size) for each river basin 
Ag
e Grand Moreau Cheyenne Bad White 
1 
38 (0.25, n= 
806) 
34 (0.31, n= 
312) 
35 (0.24, n= 
300) 
34 (0.18, n= 
498) - 
2 
52 (0.78 , n= 
56) 
52 (0.13, n= 
679) 52 (0.55, n= 86) 
51 (0.43, n= 
188) 
55 (1.67, n= 
7) 
3 60 (0.41, n= 22) 62 (0.69, n= 40) 65 (1.65, n= 9) 
61 (1.02 , n= 
31) - 
4 - - - - - 
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Table 2-6. Channel Catfish CPUE, standard error, and effort (HN= hoop net, FN = fyke net, GN= gill net, TL = trot line, SA= seining 
by area (fish/100m2), and SH= fish per seine haul) and season for each river basin. 
    Grand Moreau Cheyenne Bad White 
Gear Season CPE SE n CPE SE n CPE SE n CPE SE n CPE SE n 
HN Spring 3 1.4 16 11 10.7 8 9 3.9 12 7 2.0 16 6 2.1 4 
FN Spring 0.5 0.2 11 0.3 0.1 12 1 0.4 4 26 10.6 16 1 - 1 
GN Spring 1 0.5 6 2 1.6 4 2 2.0 2 2 0.6 8 * - 
TL Spring 7 1.1 4 5 - 1 4 1.5 3 6 3.0 2 6 - 1 
SA Spring 0.3 0.1 8230 1 0.4 4755 1 0.3 5121 2 0.6 7864 1 0.4 2560 
SH Spring 1 0.2 45 1 0.7 26 2 0.6 28 4 1.1 43 1 0.8 14 
HN Summer 28 13.9 16 12 3.0 16 19 5.0 19 11 2.8 16 16 3.6 16 
FN Summer 4 1.4 8 14 5.1 16 4 1.3 16 4 1.0 16 6 3.1 14 
GN Summer 5 1.7 8 8 2.4 6 1 0.6 8 7 1.1 8 1 0.6 3 
TL Summer 6 1.8 4 8 1.0 2 5 0.8 4 5 1.1 4 6 1.5 3 
SA Summer 2 0.4 9876 2 0.3 13350 2 0.5 10790 7 1.3 5486 5 0.7 10241 
SH Summer 3 0.7 54 4 0.6 73 3 0.9 59 12 2.4 30 8 1.3 56 
HN Fall * - 7 3.4 12 2 1.6 12 2 1.1 8 2 0.9 4 
FN Fall * - 48 25.0 12 2 0.7 4 1 0.3 8 2 1.0 4 
GN Fall * - 4 2.8 6 1 - 1 2 0.9 4 * - 
TL Fall * - 3 1.0 2 4 2.0 2 1 - 1 7 - 1 
SA Fall * - 3 1.0 5852 3 0.7 4389 1 0.5 4938 3 0.9 3292 
SH Fall * - 5 1.9 32 5 1.3 24 2 0.9 27 6 1.7 18 
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Table 2-7.Channel Catfish hoop net CPUE by season for each site (a "-"indicates that no 
samples were collected, "*" water depth permitted the use of passive gears). 
  Spring Summer Fall 
Site CPE SE CPE SE CPE SE 
G1 - - 1 0.58 - - 
G2 3 1.70 1 0.71 - - 
G3 2 1.03 3 2.35 - - 
G4 7 5.15 107 33.06 - - 
M1 - - * * - - 
M2 - - * * 0.75 0.75 
M3 - - 5 2.59 - - 
M4 0.25 0.25 18 8.67 0.25 0.25 
M5 - - 7 2.25 - - 
M6 22 21.26 20 6.46 20 6.91 
C1 - - 7 4.95 - - 
C2 - - 22 7.14 0 0.25 
C3 5 3.20 25 7.69 - - 
C4     29 21.48 4 2.35 
C5 19 10.27 11 3.51 - - 
B1 0 0.00 4 1.50 1 0.48 
B2 4 2.84 10 8.53 3 2.02 
B3 2 0.63 21 4.61 - - 
B4 7 1.80 9 3.40 - - 
W1 - - 11 2.53 - - 
W2 - - * * - - 
W3 - - 20 3.90 - - 
W4 - - 21 13.99 - - 
W5 6 2.06 11 2.14 2 0.91 
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Table 2-8. Channel Catfish fyke net CPUE by season for each site (a "-" indicates that no 
samples were collected). 
  Spring Summer Fall 
Site CPE SE CPE SE CPE SE 
G1 - - - - - - 
G2 0.50 0.50 0.67 0.67 - - 
G3 0.50 0.29 9 2.00 - - 
G4 - - 3 1.76 - - 
M1 - - - - - - 
M2 - - - - 7 5.85 
M3 - - 9 5.17 - - 
M4 0.25 0.25 8 6.12 7 3.83 
M5 - - 2 0.41 - - 
M6 0 0.16 39 13.20 132 57.98 
C1 - - - - - - 
C2 - - 9 3.18 2 0.71 
C3 - - 3 1.19 - - 
C4 - - 1 0.71 - - 
C5 1 0.41 6 3.47 - - 
B1 - - 4 2.02 0 0.25 
B2 1 0.63 1 1.25 1 0.41 
B3 10 5.07 8 2.10 - - 
B4 58 31.32 2 1.19 - - 
W1 - - 14 10.75 - - 
W2 - - 3 1.50 - - 
W3 - - - - - - 
W4 - - 3 1.70 - - 
W5 1 - 4 1.32 2 1.03 
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Table 2-9. Channel Catfish gill net CPUE by season for each site (a "-" indicates that no 
samples were collected, "*" water depth permitted the use of passive gears). 
  Spring Summer Fall 
  CPE SE CPE SE CPE SE 
G1 - - 10 1.50 - - 
G2 - - 0.50 0.50 - - 
G3 2.00 0.00 2 1.50 - - 
G4 1.50 1.50 8 4.50 - - 
M1 - - - - - - 
M2 - - - - 1 1.00 
M3 - - 3 1.50 - - 
M4 0.50 0.50 - - 2 0.00 
M5 - - 8 3.50 - - 
M6 4 3.00 13 4.50 9 9.00 
C1 - - 2 2.00 - - 
C2 - - 1 1.00 1 - 
C3 - - 1 0.50 - - 
C4 - - 2 1.50 - - 
C5 2 2.00 - - - - 
B1 - - 5 2.50 1 0.50 
B2 4 1.00 11 1.00 3 1.50 
B3 1 0.50 8 2.50 - - 
B4 1 1.00 6 0.00 - - 
W1 - - 1 0.50 - - 
W2 - - - - - - 
W3 - - 2 - - - 
W4 - - - - - - 
W5 - - - - - - 
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Table 2-10. Channel Catfish trot line CPUE by season for each site (a "-" indicates that no 
samples were collected, "*" water depth permitted the use of passive gears). 
  Spring Summer Fall 
  CPE SE CPE SE CPE SE 
G1 - - 9 - - - 
G2 5.00 - 2.00 - - - 
G3 10.00 - 8 - - - 
G4 7.00 - 3 - - - 
M1 - - - - - - 
M2 - - - - 2 - 
M3 - - 7 - - - 
M4 - - - - - - 
M5 - - 9 - - - 
M6 5 - - - 4 - 
C1 - - 6 - - - 
C2 - - 4 - 2 - 
C3 6.00 - - - - - 
C4 - - - - 6 - 
C5 3 - 3 - - - 
B1 - - 6 - 1 - 
B2 9 - 8 - - - 
B3 - - 3 - - - 
B4 3 - 4 - - - 
W1 - - 7 - - - 
W2 - - - - - - 
W3 - - - - - - 
W4 - - 3 - - - 
W5 6 - 8 - 7 - 
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Table 2-11. Channel Catfish seine CPUE (fish/100m2) by season for each site (a "-" indicates 
that no samples were collected). 
  Spring Summer Fall 
Site CPE SE CPE SE CPE SE 
G1 - - 0 0.00 - - 
G2 0.50 0.23 0.25 0.13 - - 
G3 0.39 0.15 3 0.72 - - 
G4 0.05 0.07 7 1.36 - - 
M1 - - 2 0.94 - - 
M2 - - 0.79 0.35 0.49 0.43 
M3 - - 0.74 0.27 - - 
M4 0.36 0.17 3 0.86 0.61 0.36 
M5 - - 3 0.99 - - 
M6 1 0.87 2 0.52 6 2.28 
C1 - - 1 1.22 - - 
C2 - - 1 0.69 3 0.81 
C3 0.45 0.16 0.32 0.23 - - 
C4     0.23 0.10 2 1.32 
C5 2 0.96 4 0.87 - - 
B1 0.75 0.36 1 0.49 2 0.83 
B2 2 0.67 2 0.72 0.77 0.38 
B3 2 1.08 3 0.71 - - 
B4 - - 13 2.95 - - 
W1 - - 2 0.65 - - 
W2 - - 5 1.56 - - 
W3 - - 3 0.75 - - 
W4 - - 5 1.12 - - 
W5 0.78 0.44 5 1.22 3 0.94 
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Table 2-12. Flathead Chub seine CPUE and standard error by area and by haul (a "-" indicates 
no samples were collected) for each river basin. 
Fish/ 100m2 
  Spring Summer Fall 
  CPE SE CPE SE CPE SE 
Grand 3.23 1.06 3.76 1.06 - 
Moreau 7.66 2.77 5.55 0.88 7.96 2.02 
Cheyenne 4.06 1.20 9.51 1.36 7.91 2.05 
Bad 0.64 0.64 0.15 0.07 0 0 
White 1.80 0.88 10.65 2.41 2.98 0.80 
Fish/ Haul 
  Spring Summer Fall 
  CPE SE CPE SE CPE SE 
Grand 5.91 1.94 6.87 1.95 - 
Moreau 14.00 5.07 10.15 1.61 14.56 3.70 
Cheyenne 7.43 2.19 17.39 2.48 14.46 3.75 
Bad 1.16 1.16 0.27 0.13 0 0 
White 3.29 1.60 19.48 4.41 5.44 1.46 
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Table 2-13. Flathead Chub seine CPUE (fish/100m2) and standard error by season at each site 
(a "-" indicates no samples were collected).  
  Spring Summer Fall 
  CPE SE CPE SE CPE SE 
G1 - - - - - - 
G2 0.64 0.24 0.46 0.22 - - 
G3 26.00 9.07 9.10 3.13 - - 
G4 1.60 0.75 30.50 7.68 - - 
M1 - - 6.80 1.34 - - 
M2 - - 5.88 1.43 23.90 9.20 
M3 - - 8.53 2.24 - - 
M4 23.87 7.95 27.09 8.12 20.22 5.98 
M5 - - 7.14 2.77 - - 
M6 0.55 0.21 0.14 0.11 3.46 2.03 
C1 - - 0.05 0.07 - - 
C2 - - 29.50 5.62 17.38 6.59 
C3 13.18 4.97 18.42 2.39 - - 
C4 - - 20.07 6.93 11.00 2.64 
C5 4.14 2.14 13.00 4.46 - - 
B1 - - 0 0 0 0 
B2 0 0 0 0 0 0 
B3 0 0 0.08 0.08 - - 
B4 4.55 2.30 0.64 0.28 - - 
W1 - - 0.20 0.13 - - 
W2 - - 34.18 10.47 - - 
W3 - - 12.45 3.64 - - 
W4 - - 19.27 8.51 - - 
W5 3.29 1.60 12.23 3.32 5 1.46 
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Table 2-14. Hybognathus sp. CPUE (standard error) and pooled Western Silvery and Plains Minnow CPUE by season for each river 
basin (H= Hybognathus, P= Plains Minnow, W= Western Silvery Minnow, "-" indicates no samples were collected). 
    Fish/ Haul Fish/ 100m2 
    Spring Summer Fall Spring  Summer Fall 
Grand 
H 0.62 (0.27) 2.24 (1.56) - 0.34 (0.15) 1.23 (0.86) - 
P 0.47 1.73 - 0.26 0.94 - 
W 0.16 0.51 - 0.09 0.28 - 
Moreau 
H 7.65 (3.73) 40.19 (17.93) 44.13 (24.86) 4.19 (2.04) 21.98 (9.81) 24.13 (13.59) 
P 3.14 10.08 14.75 1.71 5.51 8.06 
W 4.52 30.11 29.38 2.47 16.46 16.06 
Cheyenne 
H 1.07 (0.42) 9.83 (4.48) 40.71 (13.45) 0.59 (0.23) 5.38 (2.45) 22.26 (7.36) 
P 0.78 6.52 24.91 0.43 3.57 13.62 
W 0.29 3.31 15.79 0.16 1.81 8.64 
Bad 
H 5.91 (2.41) 1.57 (1.06) 3.11 (1.20) 3.23 (1.32) 0.86 (0.58) 1.70 (0.66) 
P 4.87 1.53 2.18 2.66 0.84 1.19 
W 1.04 0.04 0.93 0.57 0.02 0.51 
White 
H 0.71 (0.36) 1.50 (0.53) 7.78 (5.78) 0.39 (0.20) 0.82 (0.29) 4.25 (3.16) 
P 0.14 0.38 0.28 0.08 0.21 0.15 
W 0.57 1.13 7.50 0.31 0.62 4.10 
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Table 2-15. Hybognathus sp. CPUE (CPE) and standard error (SE) pooled Western Silvery 
Minnow (WSM) and Plains Minnow (PLM) CPUE (fish/100m2) at each site by season (a "-" 
indicates no samples were collected).  
  Spring Summer Fall 
Site CPE SE PLM WSM CPE SE PLM WSM CPE SE PLM WSM 
G1 - - - - 0 0 0 0 - - - - 
G2 0.10 0.07 0.10 0.00 0.59 0.25 0.54 0.05 - - - - 
G3 0.94 0.41 0.70 0.23 2.79 2.31 2.10 0.69 - - - - 
G4 0.05 0.07 0 0.05 0.46 0.18 0.07 0.39 - - - - 
M1 - - - - 2.77 1.35 1.10 1.67 - - - - 
M2 - - - - 2.70 1.65 1.70 1.00 71.36 40.86 25.05 46.30 
M3 - - - - 17.88 8.69 9.37 8.51 - - - - 
M4 5.83 3.31 2.39 3.44 9.10 2.96 2.95 6.15 5.23 2.71 0.84 4.39 
M5 - - - - 1.21 0.46 0.20 1.01 - - - - 
M6 1.94 1.67 0.40 1.54 78.47 52.30 9.92 68.55 0.88 0.32 0.21 0.67 
C1 - - - - 0 0 0 0 - - - - 
C2 - - - - 20.37 10.72 14.85 5.52 36.47 12.29 24.75 11.72 
C3 0.75 0.47 0.15 0.60 1.64 0.46 0.31 1.33 - - - - 
C4 - - - - 2.66 1.21 1.25 1.40 5.47 2.33 0.90 4.56 
C5 0.86 0.50 0.62 0.23 1.22 0.45 0.51 0.71 - - - - 
B1 - - - - 0 0 0 0 0.91 0.54 0.25 0.66 
B2 0.27 0.27 0.27 0.00 0.05 0.05 0.05 0.00 2.69 1.30 2.46 0.23 
B3 4.03 3.29 3.29 0.74 1.85 1.42 1.77 0.08 - - - - 
B4 2.88 1.20 2.41 0.47 0.10 0.10 0.10 0.00 - - - - 
W1 - - - - 0 0 0 0 - - - - 
W2 - - - - 0.29 0.10 0.22 0.07 - - - - 
W3 - - - - 0.55 0.18 0.50 0.04 - - - - 
W4 - - - - 1.34 1.13 0 1.34 - - - - 
W5 0.39 0.20 0 0.39 1.56 0.22 0 1.56 4.25 3.16 0.15 4.10 
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Table 2-16. Sand Shiner CPUE calculated by area and by haul for each river basin and season 
("-" indicates no samples were collected). 
Fish/ 100m2 
  Spring   Summer   Fall   
  CPE SE CPE SE CPE SE 
Grand 23.14 9.96 5.17 1.34 - - 
Moreau 5.55 2.22 7.91 1.10 16.44 6.04 
Cheyenne 0.21 0.15 0.93 0.40 6.22 4.39 
Bad 16.29 3.19 16.95 3.47 12.90 3.60 
White 0 0 0.14 0.09 0 0 
Fish/ Haul 
  Spring Summer Fall 
  CPE SE CPE SE CPE SE 
Grand 42.31 18.22 9.46 2.44 - - 
Moreau 10.15 4.07 14.47 2.01 30.06 11.05 
Cheyenne 0.39 0.27 1.69 0.73 11.38 8.03 
Bad 29.79 5.83 31.00 6.35 23.59 6.58 
White 0 0 0.25 0.16 0.00 0.00 
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Table 2-17. Sand Shiner seine CPUE (fish/100m2) and standard error by season at each site (a 
"-" indicates no samples were collected).  
  Spring Summer Fall 
  CPE SE CPE SE CPE SE 
G1 - - 1 1.64 - - 
G2 0.35 0.21 7.28 9.20 - - 
G3 117.72 52.09 5.47 12.02 - - 
G4 1.42 0.70 11.57 10.53 - - 
M1 - - 6.71 9.18 - - 
M2 - - 9.77 5.29 43.80 16.53 
M3 - - 7.62 9.23 - - 
M4 8.64 3.65 11.78 17.49 8.87 2.10 
M5 - - 4.26 4.70 - - 
M6 1.34 0.84 0.12 0.26 0.63 0.31 
C1 - - 1.91 4.73 - - 
C2 - - 0.55 1.42 10.98 8.00 
C3 0.10 0.06 0.00 0.00 - - 
C4 - - 0.27 0.99 0.60 0.33 
C5 0.70 0.46 0.46 1.32 - - 
B1 - - 65 20 7 4 
B2 46 17 2 2 20 5 
B3 12 3 3.62 2.86 - - 
B4 17.45 7.31 14.42 16.47 - - 
W1 - - 0.38 0.73 - - 
W2 - - 0.03 0.16 - - 
W3 - - 0.00 0.00 - - 
W4 - - 0.30 0.57 - - 
W5 - - 0.00 0.00 - - 
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Table 2-18. Sampling effort for each gear by site and season. HN= hoop nets, FN= fyke nets, GN= gill nets, SH= seine hauls, SA= area seined 
("-" no samples were collected, "~" water depth permitted the use of passive gears, "*" indicates samples where some nets did not fish).   
  FN GN HN SH SA 
  Spring  Summer Fall Spring  Summer Fall Spring  Summer Fall Spring  Summer Fall Spring  Summer Fall 
G1 - 4 - - 2 - - 4 - - 9 - - 1645.92 - 
G2 4 3* - 2 2 - 4 4 - 11 13 - 2011.68 2377.44 - 
G3 4 2* - 2 2 - 4 4 - 7 20 - 1280.16 3657.6 - 
G4 4 3* - 2 2 - 4 4 - 10 12 - 1828.8 2194.56 - 
M1 - ~ - - ~ - - ~ - - 15 - - 2743.2 - 
M2 - ~ 4 - ~ 2 - ~ 4 - 16 10 - 2926.08 1828.8 
M3 - 4 - - 2 - - 4 - - 17 - - 3108.96 - 
M4 4 4 4 2 2 2 4 4 4 15 11 9 2743.2 2011.68 1645.92 
M5 - 4 - - 2 - - 4 - - 14 - - 2560.32 - 
M6 4 4 4 2 2 2 4 4 4 11 14 13 2011.68 2560.32 2377.44 
C1 - 2* - - 2 - - 4 - - 20 - - 3657.6 - 
C2 - 4 4 - 2 2 - 4 4 - 12 13 - 2194.56 2377.44 
C3 2* 4 - 2 2 - 4 4 - 11 12 - 2011.68 2194.56 - 
C4 - 4 2* - 2 2 - 4 4 - 14 11 - 2560.32 2011.68 
C5 - 4 - 2 2 - 4 3* - 7 13 - 1280.16 2377.44 - 
B1 - 4 4 - 2 2 - 4 4 - 6 15 - 1097.28 2743.2 
B2 4 4 4 2 2 2 4 4 4 4 11 12 731.52 2011.68 2194.56 
B3 4 4 - 2 2 - 4 4 - 16 13 - 2926.08 2377.44 - 
B4 4 4 - 2 2 - 4 4 - 11 11 - 2011.68 2011.68 - 
W1 - 4 - - 2 - - 4 - - 10 - - 1828.8 - 
W2 - ~ - - ~ - - ~ - - 17 - - 3108.96 - 
W3 - 2 - - 1* - - 4 - - 11 - - 2011.68 - 
W4 - 4 - - 2 - - 4 - - 11 - - 2011.68 - 
W5 4 4 4 2 1* 2 4 4 4 14 11 18 2560.32 2011.68 3291.84 
124 
 
 
Table 2-19. Channel Catfish PSD indices and sample size for fish collected from all sampling 
gears and from hoop nets for each river basin by season, n-S= the number of sub stoch fish in 
the sample ("-" no samples were collected). 
All Gears 
    n n-S % Stock  PSD PSD-P PSD-M 
Spring 
Grand 119 60 28 44 17 0 
Moreau 141 132 1 89 33 0 
Cheyenne 189 165 5 63 13 0 
Bad 728 688 2 58 30 0 
White 48 40 2 88 13 0 
Summer 
Grand 714 633 5 56 3 0 
Moreau 764 698 4 55 5 0 
Cheyenne 654 531 12 37 2 0 
Bad 580 477 5 72 37 8 
White 807 739 7 16 0 0 
Fall 
Grand -  0 0 0 0 
Moreau 861 844 0 77 12 0 
Cheyenne 161 146 8 13 0 0 
Bad 88 75 5 69 23 0 
White 130 122 3 25 0 0 
Hoop nets 
    n n-S % Stock  PSD PSD-P   
Spring 
Grand 47 36 23 0 0 0 
Moreau 90 87 1 67 33 0 
Cheyenne 109 98 5 55 18 0 
Bad 117 105 9 17 8 0 
White 22 19 0 100 0 0 
Summer 
Grand 449 425 4 25 0 0 
Moreau 199 188 3 46 0 0 
Cheyenne 360 311 9 35 0 0 
Bad 170 159 1 91 46 0 
White 248 205 13 23 0 0 
Fall 
Grand -   0 0 0 0 
Moreau 83 78 1 80 0 0 
Cheyenne 29 23 14 33 0 0 
Bad 16 13 13 50 25 0 
White 8 8 0 0 0 0 
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Table 2-21. Summer Channel Catfish PSD indices and sample size by site from all sampling 
gears (n-S = number of sub-stock fish in the sample).   
Site n n-S PSD PSD-P PSD-M 
G1 31 1 73 0 0 
G2 15 9 100 33 0 
G3 141 128 31 0 0 
G4 527 495 41 0 0 
M1 47 43 25 25 0 
M2 23 23 0 0 0 
M3 90 81 44 11 0 
M4 154 148 33 0 0 
M5 147 135 33 8 0 
M6 303 268 71 0 0 
C1 87 14 32 0 0 
C2 154 127 41 4 0 
C3 122 108 50 14 0 
C4 128 128 0 0 0 
C5 163 153 50 0 0 
B1 55 34 52 14 5 
B2 109 78 71 35 3 
B3 196 172 63 29 8 
B4 220 193 96 63 15 
W1 145 116 17 0 0 
W2 127 2 0 0 0 
W3 152 140 17 0 0 
W4 206 199 29 0 0 
W5 177 159 11 0 0 
126 
 
 
Table 2-22. Channel Catfish total annul mortality (A) and instantaneous mortality rate (Z) for 
fish from hoop nets and from all sampling gears. 
Hoop Nets 
  Grand Moreau Cheyenne Bad White 
A 35% 24% 14.50% 6% 34% 
Z 0.431 0.275 0.157 0.062 0.417 
All Gears 
A 35% 43% 17% 21% 35% 
Z 0.439 0.565 0.181 0.231 0.435 
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Table 2-23. Estimated total anual mortality (A) and instantaneous mortality rate (Z) of Flathead 
Chub (FHC), Plains Minnow (PLM), Western Silvery Minnow (WSM), and Sand Shiner 
(SAS) by river basin ("-" sample size were too low to estimate parameters). 
  FHC PLM WSM SAS 
  A Z A Z A Z A Z 
Grand - - - - - - 85 1.93 
Moreau 64 1.02 82 1.72 85 1.88 60 0.91 
Cheyenne 1 1.39 84 1.82 88 2.09 81 1.67 
Bad - - 92 2.5 58 0.86 74 1.35 
White 83 1.76 79 1.56 - - - - 
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Table 2-24. Studentized residuals from linearized catch curves of Channel Catfish hoop net 
catch at age data for each river basin.  
 Age Grand Moreau Cheyenne Bad White 
3 0.12 0.64 1.55 3.00 2.70 
4 -0.71 0.71 -1.26 -1.39 -0.64 
5 -1.53 1.15 0.50 0.05 -2.60 
6 -0.74 -0.59 -2.08 -0.44 0.14 
7 - -1.39 1.43 - 0.48 
8 - -1.05 2.19 - - 
9 - -0.78 -0.86 - - 
10 - - - - - 
11 0.62 - -0.96 - 0.04 
12 - - -0.68 - - 
13 - - - - - 
14 - - -0.21 - 0.06 
15 - - -0.01 - 0.76 
16 2.65 - - - - 
17 - - 0.31 - - 
18 - 3.66 -0.23 - - 
19 - - 0.48 - - 
20 - - 0.03 - - 
21 - - - 0.93 - 
22 - - - - - 
23 - - 0.79 - - 
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Table 2-25. Studentized residuals from linearized catch curves of Flathead Chub catch at age 
data for each river basin.  
Age Grand Moreau Cheyenne Bad White 
1 - - 1.03 - -0.06 
2 - 0.87 -1.82 - 0.44 
3 - 0.06 1.18 - -1.90 
4 - -3.47 -0.64 - 1.18 
5 - 0.14 0.54 - - 
6 - 1.28 - - - 
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Figure 2-1. Study Area  
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Figure 2-2. Channel Catfish hoop net CPUE and standard error for each river basin by season
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Figure 2-6. Channel Catfish Seine CPUE (fish/100m2) for each river basin by season.
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Figure 2-7. Flathead Chub Seine CPUE (fish/100m2) for each river basin by season. 
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Figure 2-8. Hybognathus sp. CPUE (fish/100m2) and standard error, and pooled Western Silvery 
Minnow (WSM) and Plains Minnow (PLM) CPUE for each river basin (G= Grand. M Moreau, 
C= Cheyenne, B= Bad, W= White) by season.
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Figure 2-9. Sand Shiner seine CPUE (fish/100m2) and standard error for each river basin by 
season.
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Figure 2-10. Summer Channel Catfish hoop net CPUE and standard error for each site.
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Figure 2-11. Summer Channel Catfish Seine CPUE (fish/100m2) and standard error for each site. 
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Figure 2-12. Summer Flathead Chub seine CPUE (fish/100m2) and standard error for each site.
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Figure 2-13. Summer Hybognathus sp. seine CPUE (fish/100m2) and standard error for each site.
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Figure 2-14. Pooled summer Western Silvery and Plains Minnow CPUE (fish/100m2) for each site.
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Figure 2-15. Summer Sand Shiner seine CPUE (fish/100m2) for each site. 
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Figure 2-16. Channel Catfish length frequency distributions and PSD indices (S = stock, Q= 
quality, P= preferred, and M= memorable) from summer hoop net samples.
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Figure 2-17. Summer Channel Catfish length frequency distributions and PSD indices (S = stock, 
Q= quality, P= preferred, and M= memorable) collected using all gears. 
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Figure 2-18. Channel Catfish length frequency distributions from summer sampling collected 
using all gears.  
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Figure 2-19. Summer Channel Catfish length frequency distributions from each site in the Grand 
River 
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Figure 2-20. Summer Channel Catfish length frequency distributions from each site in the 
Moreau River. 
147 
 
 
 
Figure 2-21. Summer Channel Catfish length frequency distributions from each site in the 
Cheyenne River. 
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Figure 2-22. Summer Channel Catfish length frequency distributions from each site in the Bad 
River. 
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Figure 2-23. Summer Channel Catfish length frequency distribution from each site in the White 
River. 
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Figure 2-24. Summer Flathead Chub length frequency distributions for each river basin. 
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Figure 2-25. Summer Flathead Chub length frequency distributions from each site in the Grand 
River (no Flathead Chubs were sampled at site G1). 
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Figure 2- 26. Summer Flathead Chub length frequency distributions from each site in the Moreau 
River. 
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Figure 2-27. Summer Flathead Chub length frequency distributions from each site in the 
Cheyenne River. 
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Figure 2-28. Summer Flathead Chub length frequency distributions from each site in the Bad 
River (no Flathead Chubs were sampled at site B1 or site B2). 
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Figure 2-29. Summer Flathead Chub length frequency distributions from each site in the White 
River. 
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Figure 2-30. Summer Plains Minnow length frequency distributions from each river basin. 
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Figure 2-31. Summer Plains Minnow length frequency distributions from each site in the Grand 
River (no Plains Minnows were sampled at site G1). 
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Figure 2-32. Summer Plains Minnow length frequency distributions from each site in the Moreau 
River. 
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Figure 2-33. Summer Plains Minnow length frequency distributions from each site in the 
Cheyenne River (no Plains Minnows were sampled at site C1). 
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Figure 2-34. Summer Plains Minnow length frequency distributions from each site in the Bad 
River (no Plains Minnows were sampled at site B1 or site B4). 
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Figure 2-35. Summer Plains Minnow length frequency distributions from each site in the White 
River (no Plains Minnows were sampled at site W1, W4, or site W5). 
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Figure 2-36. Summer Western Silvery Minnow length frequency distributions from each river 
basin (* y-axis scale differs for the Moreau River). 
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Figure 2-37. Summer Western Silvery Minnow length frequency distributions from each site in 
the Grand River (no Western Silvery Minnows were sampled at site G1). 
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Figure 2-38. Summer Western Silvery Minnow length frequency distributions from each site in 
the Moreau River (* y-axis scale differs for site M6). 
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Figure 2-39. Summer Western Silvery Minnow length frequency distributions from each site in 
the Cheyenne River (no Western Silvery Minnow were sampled at site C1). 
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Figure 2-40. Summer Western Silvery Minnow length frequency distributions from each site in 
the Bad River (Western Silvery Minnow were only sampled at site B3). 
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Figure 2-41. Summer Western Silvery Minnow length frequency distributions from each site in 
the White River (no Western Silvery Minnow were sampled at site W1). 
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Figure 2-42. Summer Sand Shiner length frequency distributions from each river basin. 
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Figure 2-43. Summer Sand Shiner length frequency distributions from each site in the Grand 
River. 
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Figure 2-44. Summer Sand Shiner length frequency distributions from each site in the Moreau 
River. 
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Figure 2-45. Summer Sand Shiner length frequency distributions from each site in the Cheyenne 
River (no Sand Shiners were sampled at site C3). 
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Figure 2-46. Summer Sand Shiner length frequency distributions from each site in the Bad River. 
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Figure 2-47. Summer Sand Shiner length frequency distributions from each site in the White 
River (no Sand Shiners were sampled at site W3 or site W5). 
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Figure 2-48. Channel Catfish age frequency distribution in the Grand River. 
175 
 
 
 
Figure 2-49. Channel Catfish age frequency distribution in the Moreau River. 
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Figure 2-50. Channel Catfish age frequency distribution in the Cheyenne River. 
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Figure 2-51. Channel Catfish age frequency distribution in the Bad River. 
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Figure 2-52. Channel Catfish age frequency distribution in the White River. 
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Figure 2-53. Flathead Chub age frequency distributions for each river basin. 
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Figure 2-54. Plains Minnow age frequency distributions for each river basin. 
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Figure 2-55. Western Silvery Minnow age frequency distributions for each river basin. 
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Figure 2-56. Sand Shiner age frequency distributions for each river basin. 
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Figure 2-57. Channel Catfish mean length at age and standard error for each river basin.  
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Figure 2-58. Von Bertalanffy growth functions for the Grand, Moreau, Cheyenne, Bad, and White 
rivers, western South Dakota reservoirs (Stevens 2013), the lower Platter River (Barada 2009), 
and the 25th, 50th, and 75th percentiles based on national mean lengths at age (Hubert 1999). 
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Figure 2-59. Flathead Chub mean length at age for each river basin. 
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Figure 2-60. Observed Flathead Chub lengths at age and von Bertalanffy growth functions for the 
Moreau, Cheyenne, and White rivers (Grand and Bad rivers excluded due to low sample sizes).
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Figure 2-61. Western Silvery Minnow mean length at age for each river basin.
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Figure 2-62. Plains Minnow mean length at age for each river basin.
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Figure 2-63. Sand Shiner mean length at age for each river basin. 
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Figure 2-64. ANCOVA of predicted Channel Catfish mean lengths at age from von Bertalanffy 
growth models.
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Figure 2-65. ANCOVA of predicted Flathead Chub mean lengths at age from von Bertalanffy 
growth models.
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Figure 2-66. ANCOVA of Plains Minnow mean length at age. 
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Figure 2-67. ANCOVA of Western Silvery Minnow mean length at age.
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Figure 2-68. ANCOVA of Sand Shiner mean length at age.  
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Figure 2-69. Channel Catfish catch curve regressions for fish sampled in hoop nets. 
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Figure 2-70. Channel Catfish catch curve regression for fish sampled using all gears. 
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Figure 2-71. Flathead Chub catch curve regression for the Moreau, Cheyenne, and White rivers. 
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Figure 2-72. Plains Minnow catch curve regressions for the Moreau, Cheyenne, and Bad rivers. 
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Figure 2-73. Western Silvery Minnow catch curve regressions for the Moreau, Cheyenne, and 
Bad river.
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Figure 2-74. ANCOVA of the intercept of Western Silvery Minnow catch curve regressions.  
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Figure 2-75. Sand Shiner catch curve regressions for the Grand, Moreau, Cheyenne, and Bad 
rivers. 
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Appendix 2.  
Management Recommendations 
 The streams of western South Dakota represent the last frontier in terms of relatively 
undisturbed prairie streams in the United States and have been minimally altered in comparison to 
the large-scale disturbance seen across the landscape in prairie stream systems in surrounding 
states. From work done during this study, even after the minimal development across the region, 
we have seen changes in the fish community over time. In order to preserve these resources for 
generations to come, it is important that researchers and managers continue to monitor changes in 
the fish community across the region.  The purpose of this chapter is to provide a brief set of 
recommendations for future researchers to help maximize their efficiency.  
Sampling Methods 
 For research questions focused on fish assemblage structure, cyprinid population 
dynamics, or basic monitoring studies, seining is the most effective gear in these systems. High 
conductivities limit the utility of electrofishing and even in areas with suitable conductivity, high 
turbidity limits the ability to effectively net fish. The shallow and wide characteristics of these 
rivers also makes the setting of passive gears more difficult and time consuming as you have to 
search for appropriate locations to place your gears. Foregoing additional gears would allow for 
the sampling of multiple sites a day increasing the number of sites that could be sampled within a 
river basin in a given field season. Studies focused on Channel catfish should employ seining and 
hoop nets, if using hoop nets I would recommend 48 hour soak times to increase catch rates. 
Hook and line sampling was also an efficient method for collecting adult Channel Catfish. For a 
more in-depth gear comparison done in these rivers see Appendix 3 (this document).  
Sampling Frequency and Sites 
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 Because of the stochastic environmental conditions characteristic of western South 
Dakota’s prairie streams, numerous resampling events should occur during the course of a given 
study to attempt to account for the effects of natural and environmental variability on fish 
presence and abundance. A study design incorporating multiple resampling events at sites 
throughout each river basin will increase the ability of future investigators to detect fish 
community changes. During the current study, only one sampling crew was used, which created 
logistical constraints and only allowed us to visit each site one time during the study. I 
recommend a minimum of two crews in the future to more effectively sample the region. Also, it 
had been over a decade since a comprehensive study of these rivers had been conducted, 
monitoring projects should be conducted much more frequently to allow for the detection of 
trends in fish community change and allow for potential mitigation in the event that large scale 
fish community changes are occurring.  
Future Research  
 Because of the fish assemblage changes described in this study, future research and 
monitoring should be focused on the homogenization of fish assemblages, population 
characteristics of large river lithophilic spawning fishes, and the effects of landuse change. A 
better understanding of landuse change and its effect on fish populations may allow for the 
creation of best management practices that may limit negative effect from future development 
across the region. Population dynamics studies should be directed towards Flathead Chub and the 
silvery minnows Hybognathus spp., especially the Grand and Bad River populations that appear 
to potentially be in decline.  
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Appendix 3.  
Gear Comparison and Management Implications 
 Gear selectivity and efficiency are an integral concern of investigators who wish to 
design, and implement fisheries studies in aquatic systems. Understanding the selectivity of a 
given gear in regards to species, size, or sex of fish, and the efficiency of a gear to target a 
specific faction of a fish community aid investigators in designing studies that minimize effort 
expended and maximize the quality of data collected (Hubert et al. 2012). Five sampling gears 
were used during the current study: a 9.14 x 1.8m bag seine, four 2-net tandem hoop nets baited 
with ZOTE™ soap (7 one meter hoops and 25mm mesh), four modified single throat fyke nets 
(0.9 x 1.5m frames, 9mm mesh, and single 9.2m long leads), two AFS standard gillnets, and one 
25 hook trotline (1.2m between hooks, 0.3m drop lines, 1/0 J hooks each baited with 1/2 a 
nightcrawler).  
Species richness and Shannon’s H’ diversity were assessed for each gear and compared using 
Analysis of Covariance (ANOVA), Tukey’s HSD test was used for posthoc pairwise comparisons 
between gears. The five most abundant species, percent of total catch, and catch per unit of effort 
were described and compared for each gear. Also, Channel Catfish was the most abundant fish 
sampled by all sampling gears and as such, Channel Catfish mean length at age was assessed by 
gear and used to illustrate differences in size selectivity by gear. Channel Catfish mean length for 
each gear was compared using a Kruskal Wallis rank sum test, posthoc pairwise comparisons 
were conducted using a pairwise Wilcox rank sum test.  
 Estimates of species richness varied significantly by gear (ANOVA, F(3,4)= 63.9, P< 
0.0001), and posthoc pairwise comparisons indicated all sampling gears yielded different 
estimates of species richness, except hoop nets (mean= 4.04) and gill nets (mean= 3.7). Mean 
species richness sampled with each gear ranged from one for trot lines to 12.4 with seines. Seines 
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captured 35 species, followed by fyke nets (26 species), hoop nets (20 species), gill nets (15 
species), and trot lines caught the fewest species (5), 94% of fish caught using trot lines were 
Channel Catfish. Similar to species richness, species diversity also differed significantly by gear 
(ANOVA F(3,4)= 17.1, P< 0.0001). Although seining accounted for significantly higher mean 
species richness and yielded higher species diversity estimates than any other gear used, posthoc 
pairwise comparisons indicate that there was no significant difference in mean species diversity 
between seines and fyke nets. Hoop nets and gill nets also yielded similar estimates of species 
diversity, all other pairwise comparisons showed significant differences between gears.  
 Species selectivity varied by gear, cyprinids dominated seine collections (71.6%) but 
Channel Catfish (7.8 %) were also a large percentage of the total catch, Channel Catfish were the 
most common species sampled by hoop nets, gill nets, and trot lines and composed 88.4, 52.4, 
and 94.1 % of the total catch for each gear, respectively. Black Crappie and Channel Catfish 
dominated the catch in fyke nets, 27.5 and 23%, respectively. Walleye and Northern Pike are 
important sportfish species across the region and the viability of a recreational fishery for these 
species in western South Dakota has been of interest but neither species was abundant in any of 
the rivers sampled. Of the 19,376 fish sampled from mainstem rivers during the community 
assessment portion of this study, only 55 (0.3%) Walleye and Northern Pike were sampled. 
 Channel Catfish mean length at age varied significantly by gear (P< 0.0001) and posthoc 
pairwise comparisons indicated significant differences in mean length at age between all gears 
except gill nets and trot lines. Channel Catfish mean length at age was highest for trot lines 
(388.05 mm), followed by gill nets (386.39 mm), then hoop nets (212.26 mm), fyke nets (125.42 
mm), and mean length at age was smallest for seining (110.8 mm). Hoop nets and seining were 
the most efficient gears for sampling Channel Catfish and despite the larger mean length at age of 
catches from other sampling gears, did sample sufficient and representative numbers of large 
adult fish. Future investigators of Channel Catfish population dynamics in these systems should 
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focus on the use of these gears. Excluding other sampling gears will allow for increased levels of 
hoop net sampling effort and reduce logistical constraints associated with a large array of 
sampling gears.  
Depending on research questions and objectives (i.e. population dynamics, species 
specific studies), sampling in these systems may require the use of additional passive gears, as 
many of the larger bodies species were underrepresented by seines. However, based on the results 
of this study, future studies focused on fish assemblage structure in these systems should forego 
passive sampling gears for seines. Only two species of fish were collected by the additional gears 
in this study, Rock Bass and Shovelnose Sturgeon, both of which were not abundant across the 
study area and only a few individuals were sampled.  
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Table 3.1. Relative abundance and catch per unit of effort for the 5 most abundant species and 
Walleye and Northern Pike from each of the sampling gears used in this study  
Hoop Net   Seine  
  RA CPE     RA CPE  
Channel Catfish 88.14 17.19   Red Shiner 21.15 12.70  
Black Bullhead 2.72 0.53   Hybognathus sp. 19.78 11.88  
River Carpsucker 2.41 0.47   Flathead Chub 17.00 10.21  
Common Carp 1.36 0.27   Sand Shiner 13.71 8.24  
Goldeye 1.11 0.22   Channel Catfish 7.82 4.70  
Walleye 0.24 0.04   Walleye 0.15 0.09  
Northern Pike 0.05 0.05   Northern Pike 0.02 0.01  
Fyke Net   Trot Line  
Black Crappie 27.50 8.10   Channel Catfish 94.12 5.05  
Channel Catfish 22.99 6.77   Stonecat 2.94 0.16  
Hybognathus sp. 11.25 3.31   Goldeye 1.96 0.11  
River Carpsucker 9.94 2.93   Common Carp 0.98 0.05  
Red Shiner 6.06 1.79          
Walleye 0.24 0.07          
Northern Pike 0.05 0.01          
Gill Net          
Channel Catfish 52.38 4.67          
Goldeye 16.67 1.48          
Shorthead Redhorse 13.61 1.21          
River Carpsucker 4.42 0.39          
Blacj Bullhead 3.74 0.33          
Walleye 2.38 0.21          
Northern Pike 1.02 0.09          
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Table 3.2. Species presence-absence by gear  
  Hoop Net Fyke Net Gill Net Trotline  Seine 
Black Bullhead X X X   X 
Black Crappie X X     X 
Bluegill X X     X 
Channel Catfish X X X X X 
Common Carp X X X X X 
Creek chub         X 
Emerald Shiner   X     X 
Fathead Minnow   X     X 
Flathead Chub X X X   X 
Freshwater Drum X X     X 
Gizzard Shad         X 
Goldeye X X X X X 
Green Sunfish X X     X 
Hybognathus sp.   X     X 
Johnny Darter         X 
Largemouth Bass         X 
Longnose Dace         X 
Northern Pike X X X   X 
Orangespotted Sunfish X X X   X 
Plains Killifish         X 
Plains Topminnow         X 
Red Shiner   X     X 
River Carpsucker X X X   X 
Rock Bass X         
Sand Shiner   X     X 
Sauger   X X   X 
Shorthead Redhorse X X X   X 
Shortnose Gar X X X   X 
Shovelnose Sturgeon     X     
Silverband Shiner         X 
Smallmouth Bass X X X   X 
Stonecat X X   X X 
Sturgeon Chub         X 
Walleye X X X   X 
White Bass X X     X 
White Crappie   X     X 
White Sucker X X X   X 
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Figure 3-1. Mean species richness and standard error for each sampling gear.
0
2
4
6
8
10
12
14
Seine Fyke Net Hoop Net Gill Net Trot Line
Sp
ec
ie
s 
R
ic
h
n
es
s
210 
 
 
 
 
Figure 3-2. Mean Shannon’s H species diversity and standard error for each sampling gear. 
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